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Abstract 
Objectives. The objectives of the dissertation are to (1) identify the neural correlates of tinnitus 
distress and successful habituation, and (2) investigate any relationship between physical activity 
and tinnitus distress. Subjective tinnitus, commonly referred to as ringing in the ears, is the 
perception of a sound without an external sound source. It affects approximately 50 million 
adults in the United States of America, of whom 16 million seek medical attention and 2 million 
experience catastrophic tinnitus distress. The driving factor of tinnitus distress is not the loudness 
of tinnitus, but rather the negative emotional reaction to the percept. This reaction is associated 
with impaired quality of life, anxiety and depression. The limbic system is the focal region of the 
brain involved in the emotional reaction to stimuli. However, few studies have directly targeted 
this system to understand neural mechanisms of tinnitus distress or successful habituation. 
Physical activity has been correlated with improved quality of life and lower levels of anxiety 
and depression, but, this has not been established in the tinnitus population. Therefore, we 
investigated the association between physical activity and tinnitus distress.  
Design. To complete our objectives, we conducted three interconnected studies. In the first 
study, we examined functional and behavioral differences in those recently diagnosed with 
tinnitus compared to those who had tinnitus for a long period of time. Note that those with 
chronic tinnitus of long standing in our study reported lower distress levels than those with 
recently-diagnosed tinnitus. Second, we conducted a cross-sectional survey study to examine any 
relationship between physical activity and tinnitus severity. Lastly, we built upon the first two 
studies to investigate functional and behavioral differences in those with higher levels of tinnitus 
distress compared to those with lower levels of tinnitus distress, while accounting for physical 
activity levels. In studies 1 and 3, neural correlates of tinnitus distress were evaluated by 
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comparing those with higher levels of tinnitus distress to those with lower levels of tinnitus 
distress, while they were listening to affective sounds. The reverse comparison was used to 
identify regions that may be associated with successful habituation.  
Results. In the first study, heightened response in the emotional processing system, particularly 
the insula, was observed in those with higher tinnitus distress compared to those with lower 
tinnitus severity when listening to affective sounds. Increased response in the middle frontal 
gyrus was observed in the reverse comparison. In the third study, we found increased response in 
the amygdala, another region of the emotional processing system, for the higher distress group 
compared to the lower distress group, and increased response in the superior and middle frontal 
gyrus for the opposite comparison. Those in the lower tinnitus severity group were also more 
active, on average, compared to those in the higher tinnitus severity group. Note that in study 
three, there was a more pronounced difference in tinnitus severity between groups than in study 
one. In the survey study, increased levels of physical activity were found to be correlated with 
lower levels of tinnitus severity and higher quality of life, while controlling for other 
demographic variables.  
Conclusion. The specific region of the limbic system recruited during emotional processing may 
determine the severity of tinnitus.  Those with mild forms of tinnitus distress appeared to show 
enhanced engagement of the insula, whereas increased response from the amygdala may be 
specific to those with more severe forms of tinnitus. Successful habituation to tinnitus was 
associated with elevated response of frontal cortex, which may reduce amygdala response 
improve emotional control and lead to habituation to tinnitus. Our results suggest that physical 
activity may act as therapy to individuals with tinnitus by providing them with a sense of control 
over the percept and enhanced engagement of the frontal regions. 
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Chapter 1: Introduction 
1.1 General Introduction 
Tinnitus, also known as ringing in the ears, is classified as either objective or subjective 
(Crummer et al. 2004). Objective tinnitus is the perception of a sound that can be localized, such 
as turbulent blood flow in capillaries, and treated surgically (Crummer et al. 2004; Lockwood et 
al. 2002). On the other hand, subjective tinnitus is the perception of a sound without an external 
sound source and cannot be reliably eliminated surgically (Crummer et al. 2004; Tunkel et al. 
2014). The dissertation focuses on the latter. To measure the severity of tinnitus, subjective 
questionnaires such as the Tinnitus Handicap Inventory are used (Newman et al. 1998). The 
Tinnitus Handicap Inventory is useful because it diagnoses tinnitus severity on a spectrum from 
slightly bothersome to catastrophic. The diagnosis depends on the emotional reaction to tinnitus, 
not the loudness of the tinnitus sound. At slight levels, tinnitus distress does not significantly 
reduce quality of life; however, at catastrophic levels it causes extreme quality of life 
impairments that affect all daily activities.  
Subjective tinnitus, is estimated to affect more than 50 million adults in the United States 
of America of which 16 million experience sufficient distress to seek medical attention (ATA.org 
2013; Shargorodsky et al. 2010). Of those that experience distress, 2 million report catastrophic 
tinnitus which can lead to suicide (ATA.org 2013). The emotional reaction to tinnitus impairs 
quality of life and is associated with elevated levels of anxiety and depression (Alster et al. 1993; 
Andersson 2002; Bartels et al. 2008; Hallberg et al. 1993). The limbic system, primarily 
responsible for determining the emotional reaction to stimuli, has been associated with tinnitus 
distress (Carpenter-Thompson et al. 2014; Jastreboff et al. 1996; Leaver et al. 2011; Lockwood 
et al. 1998; Rauschecker et al. 2010). However, few studies have explicitly targeted the limbic 
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system with respect to tinnitus. Similarly, the neural alterations associated with successful 
habituation to tinnitus are largely unknown.  
Currently, there are a limited number of coping strategies available to those with tinnitus, 
of which few have been shown to be consistently effective (Henry et al. 2006; Londero et al. 
2006; Martinez-Devesa et al. 2010). For instance, sound therapy targets the tinnitus noise but 
does not address the anxiety and depression associated with tinnitus (Tunkel et al. 2014). This 
form of therapy has been used in the past, however, it is not recommended in the current 
guidelines for tinnitus management (Tunkel et al. 2014). The most effective form of treatment 
for individuals with tinnitus is considered to be cognitive behavioral therapy or Tinnitus 
Retraining Therapy (Tunkel et al. 2014). This form of management is effective because it 
reduces the anxiety and depression associated with tinnitus distress (Martinez-Devesa et al. 
2010). However, such therapy may be expensive and requires a substantial time commitment by 
patients (Bastien et al. 2004). An alternative therapy, commonly used for reducing anxiety and 
depression, is physical activity (Babyak et al. 2000; Elavsky et al. 2005; McAuley et al. 2004; Mi 
Rye Suh et al. 2002), however, its beneficial effects have not been tested in the tinnitus 
population. 
We conducted three related studies to investigate the neural correlates of tinnitus distress, 
successful habituation to tinnitus, and the validity of physical activity as a therapy for tinnitus. 
The first study used functional magnetic resonance imaging to compare those recently diagnosed 
with tinnitus (higher levels of tinnitus distress) to those who had tinnitus for a long period of 
time (lower levels of tinnitus distress). In the second study, a cross sectional survey design was 
used to assess any relationship between physical activity and tinnitus severity. The third study 
built on the previous two, to identify behavioral and functional differences in individuals with 
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higher levels of tinnitus distress and individuals with lower levels of tinnitus distress while 
accounting for physical activity levels. The remaining sections of the introduction provide a 
targeted literature review to motivate the three studies. 
1.2 Detrimental Effects of Tinnitus 
As noted previously, the main problem facing individuals with tinnitus is not the sound 
itself, rather it is the adverse emotional reaction to tinnitus that is associated with a decrease in 
quality of life (QOL) (Bartels et al. 2008; Newman et al. 2011). Additionally, higher levels of 
tinnitus distress are correlated with elevated levels of anxiety and depression (Bartels et al. 2008; 
Sindhusake et al. 2004; Tyler et al. 1983). Ten to fifteen percent of tinnitus patients experience a 
significant perceived handicap and psychological distress related to QOL (Bartels et al. 2008; 
Newman et al. 2011), as well as elevated rates of depression compared to the general population 
(Control et al. 2010; Shargorodsky et al. 2010). A lack of effective coping strategies that reduce 
anxiety and depression levels may lead to the development of severe tinnitus. 
One hundred and twenty seven individuals with tinnitus were recruited for a longitudinal 
study investigating predictive factors of severe tinnitus (Holgers et al. 2005). Subjects completed 
the Nottingham Health Profile (Hunt et al. 1981), Tinnitus Severity Questionnaire (Newman and 
Sandridge 2004), and a general health questionnaire both at the initial visit and at an 18-month 
follow up consultation. At each follow up, the investigators found that anxiety and depression 
were co-morbid with severe tinnitus. Holgers et al. (2005) suggest that anxiety and depression 
may directly contribute to tinnitus distress. Similarly, Bartels et al. (2010) investigated 
associations between anxiety, depression, tinnitus severity, and health related quality of life 
(HRQOL). They used the following questionnaires: Hospital Anxiety and Depression Scale 
(Zigmond et al. 1983) to measure anxiety and depression, Short Form Health Survey 36 (Ware 
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and Sherbourne 1992) to measure HRQOL, and Tinnitus Reaction Questionnaire (Wilson et al. 
1991) to measure tinnitus severity. They found that increased depression and anxiety levels were 
negatively correlated with HRQOL, and positively correlated with tinnitus severity. They also 
demonstrated that co-occurring anxiety and depression had the greatest impact on tinnitus 
severity. The authors claim that a lack of effective coping strategies targeting depression and 
anxiety significantly impacted tinnitus severity and that future treatment options for tinnitus 
should be directed toward reducing anxiety and depression levels.  
Similar to anxiety and depression, tinnitus may also be correlated with other negative 
quality of life factors such as increased stress and sleep disturbances. A study using the Korea 
National Health and Nutrition Examination Survey examined associated factors with tinnitus in a 
population of  9653 males and 12240 females (Park et al. 2014). They found tinnitus severity to 
be associated with increased stress, depressive mood, sleep deprivation, interference with social 
interaction and emotional difficulties. The authors concluded that increased tinnitus severity was 
correlated with overall lifestyle impairment and increased depression. Another study, specifically 
examining the impact of tinnitus on sleep habits, used a preexisting data set on Japanese adults 
that included questions pertaining to tinnitus and sleep disorders (Izuhara et al. 2013). They 
found that men with tinnitus were 1.8 times more likely to have insomnia than those without 
tinnitus. In addition to insomnia, a decrease in maintained sleep and perceived quality of sleep 
were associated with tinnitus. Therefore, tinnitus distress has been associated with aversive 
emotional reactions.  
1.3 Limbic System and Tinnitus 
Related to the negative emotional reaction associated with tinnitus severity, is tinnitus’s 
impact on the emotional processing system. The main emotional processing nodes of the limbic 
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system associated with tinnitus distress are the amygdala, insula, parahippocampus and cingulate 
gyrus (Carpenter-Thompson et al. 2014; De Ridder, Vanneste, et al. 2011; Golm et al. 2013; 
Rauschecker et al. 2010). In anxiety in depression, elevated response in limbic regions has been 
suggested to indicate increased emotional reaction (Cooney et al. 2010; Keedwell et al. 2005; 
Lorberbaum et al. 2004; Mutschler et al. 2012).  
A pioneering theory put forward by Jastreboff (1990) suggests that tinnitus arises due to 
the emotional significance attributed to the percept. In this framework, tinnitus is viewed as a 
threatening signal, which engages the limbic system, primarily amygdala. A study investigating 
the functional connectivity between the auditory cortex and amygdala in normal hearing 
individuals using unpleasant sounds, fMRI, and dynamic causal modeling, found functional 
connections between the amygdala and auditory cortex (Kumar et al. 2012). The valence of the 
sound appeared to modulate the backward connections from the amygdala to the auditory cortex 
whereas the acoustic features of the sound modulated the forward connections from the auditory 
cortex to the amygdala. The amygdala attributes emotional significance to tinnitus through these 
functional connections (Kumar et al. 2012). The unpleasant significance attributed to the chronic 
tinnitus percept may contribute to elevated levels of anxiety and depression. A resting state study 
used continuous scalp EEG recordings and low resolution electromagnetic tomography to 
identify differences between individuals with high distress tinnitus and those with low distress 
tinnitus (Vanneste et al. 2010). Their results showed increased activity in the amygdala when 
comparing high distress to low distress groups. These findings support the proposition that the 
amygdala attributes emotional significance to signals within the auditory pathway, resulting in 
increased distress. Mirz et al. (2000) utilized positron emission tomography (PET) to understand 
how a tinnitus-like sound would affect brain function in normal hearing subjects. They found 
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increased activity in the amygdala in response to the aversive stimuli. The same group also used 
PET and individuals with chronic tinnitus to investigate the cortical networks subserving tinnitus 
(Mirz 2000). For the control condition, they masked the subject’s tinnitus with lidocaine or noise 
and compared brain activity between masked and unmasked tinnitus conditions. For the 
comparison unmasked > masked, increased activity was detected in the amygdala. These 
findings are also supported in animal models (Wallhäusser-Franke et al. 2003). Gerbils with 
induced tinnitus via salicylate acid or noise trauma exhibited increased expression of c-fos 
protein, an indicator of brain activity, in the amygdala after exposure to high doses of salicylate 
acid (Wallhäusser-Franke et al. 2003). The authors state that the increased amygdala activity 
may lead to chronic bothersome tinnitus. Earlier research in our lab was unable to find increased 
activation of the amygdala in tinnitus subjects compared to either normal hearing or hearing loss 
controls (Carpenter-Thompson et al. 2014). We surmise that we did not find increased activation 
in the amygdala because our tinnitus subjects had slightly-bothersome tinnitus (rather than severe 
tinnitus) and thus relied on alternative regions of the limbic system to process emotional sounds, 
bypassing the amygdala and its connections to the auditory cortex (Carpenter-Thompson et al. 
2014).  
Like the amygdala, the insula and the parahippocampus, nodes of the limbic system, have 
been associated with tinnitus distress. The insular cortex has been shown to be connected with 
the auditory cortex, prefrontal cortex, somatosensory regions and areas of the limbic system 
including the amygdala and anterior cingulate (Augustine 1996). Using real time fMRI feedback, 
a group of six individuals with tinnitus were instructed to diminish the intensity of their tinnitus 
(Haller et al. 2010). Although only two of the subjects were able to successfully lessen their 
tinnitus, the researchers found increased activation in the insula in those subjects. Haller et al. 
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(2010) suggest that the patients may have tapped into the insula’s role in self-regulation of 
emotional processing to help diminish their tinnitus. Burton et al. (2012) recruited individuals 
with tinnitus for a resting state experiment aimed at elucidating alterations in the neural network 
associated with bothersome tinnitus. Their study included volunteers with both mild and severe 
tinnitus. They found that seed regions in the right anterior insula and left inferior frontal gyrus 
had increased functional connectivity that positively correlated with resting state activity in the 
auditory cortex for the tinnitus group compared to controls. The authors suggest that the 
increased frontal and insular connectivity may be necessary to switch attention between 
conflicting salient sounds. Another group conducted a resting state EEG study on individuals 
with mild to severe tinnitus to understand the networks that subserved tinnitus distress and found 
the insula to be a key region (De Ridder, Vanneste, et al. 2011). They propose that tinnitus-
related distress results from abnormal activity in a salience network that includes the insula. An 
fMRI study, which involved the reading of distressing and neutral sentences, found increased 
activity in the insula in individuals with tinnitus compared to non-tinnitus controls when reading 
affective sentences (Golm et al. 2013). The authors claim that increased activity in the insula is 
correlated with tinnitus distress. Research in our lab has demonstrated increased insular activity 
in tinnitus subjects compared to normal hearing and hearing loss controls (Carpenter-Thompson 
et al. 2014). Increased insular response may be an indication of successful adaption to the 
tinnitus percept, as proposed by Haller et al. (2010), because subjects in our study had slightly-
bothersome tinnitus. Alternatively, increased activation in the insula may be an indication of 
increased emotional response even at low levels of tinnitus distress. Along with increased insular 
activity, we found heightened parahippocampal activation in the tinnitus group compared to 
controls (Carpenter-Thompson et al. 2014). Elevated response in the parahippocampus may have 
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indicated a lack of habituation to the novel tinnitus percept, resulting in tinnitus persistence 
(Vanneste et al. 2010).  
Increased activity in the anterior cingulate has also been associated with tinnitus distress. 
In monkeys, the cingulate gyrus has been shown to be connected to temporal regions and interact 
with the auditory cortex either through direct connections or indirectly via limbic or frontal 
regions (Vogt et al. 1987). Schlee et al. (2008) investigated cortical connectivity in individuals 
with tinnitus and normal hearing controls using tones, International Affective Picture System 
images (Lang et al. 1999) and magnetoencephalography. Phase synchronization, a measure of 
information processing between regions of the brain, was assessed while tones, which were 
either different or similar to the subject’s tinnitus, and neutral pictures were presented. As 
synchrony increased between the cingulate and right parietal cortex, tinnitus distress increased. 
They found a negative correlation when they compared tinnitus distress to increased synchrony 
between the cingulate and frontal cortex. The authors propose that there is a fronto-parietal-
cingular interaction that influences the auditory cortex and perception of tinnitus (Schlee et al. 
2008). A recent fMRI study by Golm et al. (2013) used affective sentences and found increased 
activity in the cingulate for the tinnitus group compared to controls. They claim that increased 
activity in the cingulate was correlated to increased tinnitus-related distress. Mirz (2000) also 
found increased cingulate activity when comparing trials when tinnitus was perceived to trials 
when tinnitus was masked. An explanation for the observed increased cingulate activation was 
proposed by De Ridder, Elgoyhen et al. (2011). They suggest that tinnitus distress results from 
abnormal activity in a salience network comprised of the cingulate and other limbic regions. 
Consistent with these past findings, we found increased cingulate activity in tinnitus subjects 
compared to controls (Carpenter-Thompson et al. 2014).  
9 
 
Interestingly, the aforementioned regions of the limbic system shown to be associated 
with tinnitus distress have also been linked to anxiety and depression (Cooney et al. 2010; 
Keedwell et al. 2005; Lorberbaum et al. 2004; Mutschler et al. 2012). Elevated response from the 
amygdala, insula, parahippocampus and cingulate gyrus may be an indication of hieghtened 
emotional response which contirbute to elevated feelings of anxiety and depression (Cooney et 
al. 2010; Keedwell et al. 2005; Lorberbaum et al. 2004; Mutschler et al. 2012). 
1.4 Current Treatment Options for Tinnitus 
Current treatment options for tinnitus include hearing aids, cognitive behavioral therapy, 
tinnitus retraining therapy, and masking. Hearing aids are the number one choice for clinicians to 
treat tinnitus (Del Bo and Ambrosetti 2007); however, cognitive behavioral therapy is the only 
treatment shown to have an ameliorative effect on tinnitus (specifically, its distress) in a meta-
analysis (Hesser et al. 2011). Hearing aids are used to act as masking devices and can be 
combined with sound generators to help the patient ignore their tinnitus (Del Bo and Ambrosetti 
2007; Sweetow and Sabes 2010). Cognitive behavioral therapy (CBT) and tinnitus retraining 
therapy (TRT) attempt to train an individual to habituate to the tinnitus noise and to think of 
tinnitus as a neutral, non-bothersome sound (Henry et al. 2006, Martinez-Devesa et al. 2010). 
CBT and TRT and similar therapies involving a counseling component directly target anxiety 
and depression associated with tinnitus distress. Tinnitus masking utilizes applied noise to mask 
the tinnitus sound.  
Clinicians recommend hearing aids for two main purposes: (1) to make the patient less 
aware of the tinnitus and (2) to prevent the tinnitus noise from masking nearby sounds and voices 
(Del Bo and Ambrosetti 2007). Recently, hearing aid companies have incorporated sound 
generators into their hearing aids to treat tinnitus. For example, the Widex Company has 
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developed Widex Zen Therapy for tinnitus (Sweetow and Jeppesen 2012). This therapy 
incorporates sound amplification and fractal tones and may be supplemented with counseling and 
relaxation techniques. Widex Zen Therapy relies on hearing aid devices that use custom 
programmed fractal sounds, similar to wind chimes, to help individual habituate to their tinnitus. 
These sounds are designed to integrate the properties of music found to be most relaxing and 
pleasant, and are filtered in accordance with the patient’s hearing loss. A six month clinical trial 
of 14 adults with tinnitus tested the efficacy of Widex Zen Therapy at reducing tinnitus distress 
(Sweetow and Sabes 2010). Tinnitus severity was assessed using the Tinnitus Handicap 
Inventory and Tinnitus Reaction Questionnaire (Wilson et al. 1991). They found tinnitus severity 
scores decreased on average for subjects in the Widex Zen Therapy treatment group. However, 
the authors point out that for this therapy to be most effective, counseling, targeting anxiety and 
depression, must accompany the intervention. The efficacy of hearing aids as a treatment option 
for tinnitus remains in question since other studies have shown hearing aids did not improve 
tinnitus related distress or the associated anxiety and depression (Melin et al. 1987).  
The aim of CBT is two-fold: (1) identify the patient’s thoughts and beliefs concerning 
their tinnitus (2) modify the behaviors and cognitive responses that underlie the patient’s 
thoughts and beliefs concerning tinnitus (Martinez-Devesa et al. 2010). CBT works by training 
individuals to reduce their emotional reaction (i.e. anxiety and depression) to the chronic noise. 
Therapists teach relaxation techniques, attentional manipulations and educate the patient about 
tinnitus over the period of 8 – 24 weeks. Martinez-Devesa et al. (2010) examined existing data 
from eight CBT studies to understand the efficacy of CBT as a therapy for tinnitus. Overall, they 
found no significant changes in tinnitus loudness following CBT intervention. When they 
compared CBT groups to control groups with no-intervention, they found decreased depression 
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in the CBT groups. Additionally they found overall improvements in tinnitus severity in the CBT 
intervention groups compared to control groups. The main drawbacks of CBT are the major time 
commitment and the need for a qualified therapist for the patients, which can become expensive 
(Bastien et al. 2004).  
As examples of additional forms of therapy, I discuss briefly TRT and tinnitus masking. 
TRT includes rigorous, structured counseling concerning tinnitus along with enriched sound 
environments (Henry et al. 2006). Individuals completing TRT are given sound generators, such 
as specialized hearing aids, and instructed to adjust the volume of the sounds to the ‘mixing’ 
point, i.e. the level at which the tinnitus percept and the sound from the generator mix together 
(Henry et al. 2006). Constant adjustment of the sound generator is necessary to maintain the 
mixing point. The overall goal of TRT is to have the individual habituate to the tinnitus noise 
using sound therapy and counseling (Jastreboff et al. 2004). Tinnitus masking uses similar noise 
generating devices; however, in this case tinnitus patients are instructed to play the noise at a 
level above the tinnitus percept thereby masking tinnitus and providing temporary relief 
(Schechter and Henry 2002). Often, general tinnitus information is provided to patients using 
masking devices. Henry et al. (2006) recruited 123 subjects with tinnitus and entered 49 of them 
in an 18 month TRT intervention and 59 in an 18 month tinnitus masking intervention. Tinnitus 
severity was assessed using the following questionnaires: Tinnitus Functional Index (Meikle et 
al. 2012), Tinnitus Handicap Inventory and Tinnitus Severity Index (Folmer et al. 1999). They 
found both TRT and masking reduced tinnitus severity; however, reductions in tinnitus severity 
were greater for TRT compared to masking. This is not surprising since TRT includes rigorous 
therapy that addresses anxiety and depression. Although both forms of treatment reduced tinnitus 
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severity, they required expensive noise generators and specialty hearing aids along with 
professional counseling. 
 There are no ‘at-home’, self-directed forms of therapy to reduce tinnitus severity that 
target anxiety and depression. Therefore, one of the purposes of the dissertation is to investigate 
potential treatments that can be performed at home that directly target anxiety and depression, 
namely, physical activity. Physical activity has been shown to be correlated with decreased 
levels of anxiety and depression in a myriad of patient populations including those with chronic 
illness (Babyak et al. 2000; Elavsky et al. 2005; McAuley et al. 2004; Mi Rye Suh et al. 2002). 
Intervention studies have shown physical activity to be as effective as standard medication in 
treating major depressive disorder (Babyak et al. 2000; Mi Rye Suh et al. 2002).  
Given the impact of physical activity on such a wide variety of conditions, it is surprising 
that the tinnitus literature contains a dearth of studies on the relationship between physical 
activity and tinnitus severity. Currently, only a few forms of exercise – namely yoga, qigong and 
jaw exercises – have been used therapeutically for tinnitus, but the efficacy of these applications 
has not been tested rigorously, and the scant results that have been published are mixed 
(Biesinger et al. 2010; Kröner-Herwig et al. 1995; Loprinzi et al. 2011; Loprinzi et al. 2013; 
Tabachnick 1994). Jaw exercises aiming to relax the jaw have been shown to alleviate the 
temporo-mandibular joint related tinnitus; however, only a small minority of those with tinnitus 
have temporo-mandibular joint related issues (Tabachnick 1994). A recent publication found that 
regular exercise decreased overall risk for developing tinnitus, but they did not investigate the 
impact of exercise on tinnitus severity (Loprinzi et al. 2013). At the present time, there have been 
no studies that investigate the relationship between physical activity, tinnitus severity, and QOL 
using metrics explicitly designed to measure each variable. It is therefore a major aim of this 
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dissertation to examine the relationship between physical activity and tinnitus distress to validate 
more broadly applicable physical activity-related coping strategies that may decrease anxiety and 
depression for the wider tinnitus population.  
1.5 Outline of Dissertation 
The principal aims of the study are to identify brain regions associated with tinnitus 
distress, those associated with successful habituation, and investigate any association between 
physical activity and tinnitus distress. To address the aims, we conducted three related studies. 
The first study compares those recently diagnosed with tinnitus to those that had tinnitus for a 
long period of time in order to identify brain regions that may be associated with tinnitus distress 
or successful coping. The second study provides cross sectional survey evidence for any 
relationship between physical activity and tinnitus severity. The third investigation examines 
neural differences between those with higher levels of tinnitus distress and those with lower 
levels of tinnitus distress to elucidate neural correlates of tinnitus severity and successful 
habituation while accounting for physical activity levels. As a whole, the studies build the 
foundation for future studies to objectively measure tinnitus distress and successful habituation. 
This can be used to directly test the efficacy of therapies for tinnitus. Physical activity, if proven 
to be an effective mode of therapy for tinnitus, will be a simple, inexpensive form of therapy to 
reduce tinnitus distress.   
14 
 
Chapter 2: Study 1 
Recent vs. Long term suffers of tinnitus: fMRI evidence for heightened limbic activation in 
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2.1 Abstract 
Objectives. The aim of the study was to identify functional and behavioral differences between 
those recently diagnosed with tinnitus (RTIN) and individuals that have had tinnitus for a long 
period of time (LTIN). The results from the experiment extend the existing knowledge of brain 
regions involved in tinnitus distress and provide evidence for regions that may be involved in 
successful tinnitus coping.   
Design. A total of 25 individuals with tinnitus were recruited from the Urbana-Champaign area. 
Volunteers were divided into RTIN and LTIN groups based on the amount of time they have 
experienced tinnitus: less than 1 year (RTIN) or greater than 1 year (LTIN). Subjects underwent 
an fMRI while listening to affective sounds rated to be pleasant, neutral or unpleasant from the 
International Affective Digital Sounds database. Functional data were analyzed using SPM8 
software and behavioral data were analyzed using SPSS version 22 software.  
Results. The RTIN group recruited posterior cingulate and insula to a greater extent that the 
LTIN group when listening to affective sounds. We found that the LTIN group engaged more 
auditory and frontal regions when listening to the affective stimuli compared to the RTIN group.  
Conclusion. Our results suggest that individuals with RTIN may recruit limbic regions to a 
greater extent when listening to affective stimuli than the LTIN group, which may be associated 
with more severe tinnitus. Those with LTIN may utilize frontal regions to better control their 
emotional response, which may be associated with less severe tinnitus. We suggest that limbic 
regions may be involved in tinnitus distress and frontal regions may be involved in successful 
habituation.  
Abbreviations: Tinnitus Handicap Inventory (THI); Beck Anxiety Inventory (BAI); Beck 
Depression Inventory (BDI-II); Patients with tinnitus for longer than 1 year (LTIN); Patients 
diagnosed with tinnitus within 1 year (RTIN); Pleasant (P); Neutral (N); Unpleasant (U); 
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functional magnetic resonance imaging (fMRI); electroencephalography (EEG); repetition time 
(TR). 
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2.2 Introduction 
Tinnitus, the perception of noise without an external sound stimulus, is estimated to 
affect more than 50 million adults in the United States (Shargorodsky et al. 2010). Tinnitus is 
associated with impaired sleep habits, difficulty concentrating, and, in severe cases, suicide 
(Alster et al. 1993; Andersson 2002; Hallberg and Erlandsson 1993). Given the prevalence of 
tinnitus and its detrimental effects on suffers, it is important to investigate the underlying neural 
correlates involved in tinnitus distress. Past studies have linked increased activation in the limbic 
system to tinnitus distress (Carpenter-Thompson et al. 2014; Jastreboff et al. 1996; Leaver et al. 
2011; Lockwood et al. 1998; Rauschecker et al. 2010). Additionally, alterations in the function 
of auditory regions have been associated with tinnitus (Jastreboff et al. 1986; Landgrebe et al. 
2009; Leaver et al. 2011; Melcher et al. 2009; Zhang et al. 2011). Although a number of studies 
have investigated the neural correlates associated with tinnitus, few have investigated how these 
alterations may change over time. Therefore, the objective of the present study was to investigate 
neural differences between those recently diagnosed with tinnitus (RTIN) and individuals that 
have had tinnitus for a long period of time (LTIN), defined as more than one year.  
Alterations in the emotional processing network have been associated with tinnitus 
distress. Past investigations have associated increased activation in the insula, parahippocampus, 
cingulate and amygdala with tinnitus (Carpenter-Thompson et al. 2014; De Ridder, Vanneste, et 
al. 2011; Golm et al. 2013). Heightened response in limbic regions has largely been attributed to 
increased tinnitus severity (Burton et al. 2012; De Ridder, Vanneste, et al. 2011; Golm et al. 
2013; Vanneste et al. 2010). The De Ridder, Vanneste et al. (2011) model of tinnitus distress 
proposed that the insula and posterior cingulate are a couple of the key regions involved in a 
neural network that directly contributes to the bothersome nature of tinnitus. Other groups have 
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found similar evidence and have suggested heightened response in the insula and cingulate is 
linked to tinnitus distress (Carpenter-Thompson et al. 2014; Golm et al. 2013; Vanneste et al. 
2010). We expected to find heightened response in limbic regions in the RTIN group when 
compared to the LTIN group. 
Increased activation of auditory pathways in individuals with tinnitus compared to 
controls has also been observed (Jastreboff et al. 1986; Leaver et al. 2011; Melcher et al. 2009; 
Smits et al. 2007; Zhang et al. 2011). Elevated response of the auditory cortex has been proposed 
to be an indication of the tinnitus percept (Giraud et al. 1999; Leaver et al. 2011; Plewnia et al. 
2007; Reyes et al. 2002). A recent study by Vanneste et al. (2011) found increased activation in 
the primary auditory cortex in an LTIN group compared to an RTIN group. They suggested 
increased auditory recruitment in those with LTIN may be due to tonal memory to the tinnitus 
percept (Vanneste et al. 2011). Therefore, we hypothesized that individuals with LTIN may show 
heightened response in the primary auditory cortex.    
A plethora of previous studies have demonstrated alterations in neural processing in 
tinnitus. However, there is a gap in knowledge concerning functional brain changes that occur 
over time in tinnitus. It is important to investigate the functional changes in tinnitus over time in 
order to identify which brain regions may be involved in successful adaptation to the bothersome 
tinnitus noise. In lieu of an expensive longitudinal fMRI study, we chose to conduct a cross-
sectional study with LTIN and RTIN participants. LTIN patients with low tinnitus severity have 
likely adapted to their tinnitus percept. A single previous study has explicitly investigated 
differences between RTIN and LTIN groups (Vanneste et al. 2011). Vanneste et al. (2011) used 
EEG recording in individuals with lateralized tinnitus to estimate the differences between RTIN 
and LTIN groups. Note that the groups were matched for tinnitus severity. They found increased 
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spontaneous activity in LTIN compared to RTIN in the insula, cingulate and the auditory cortex 
(Vanneste et al. 2011). The authors suggested the observed activation patterns in the LTIN 
group, which had severe levels of tinnitus, may underlie a lack of habituation and continued 
attentional resources dedicated to tinnitus. The current investigation expands upon the results of 
this previous work by further examining LTIN and RTIN patients using a different method, 
fMRI. 
The present study used fMRI imaging and an affective sound categorization task to 
evaluate functional and behavioral differences between those recently diagnosed with tinnitus 
and those that have had tinnitus for a long period of time. The purpose of the study was to 
identify brain regions that may be associated with tinnitus distress and regions that may be 
associated with successful adaption to the tinnitus percept. The study focused on two main 
hypotheses: (1) those with RTIN would have higher levels of tinnitus severity and may exhibit 
heightened response in the limbic system; (2) individuals with LTIN would have lower levels of 
tinnitus severity and may show heightened response in the primary auditory cortex.  
2.3 Methods 
Subjects 
 Individuals with tinnitus were recruited from the Urbana-Champaign region of Illinois 
using flyers, mass emails and help from local audiological clinics. All participants agreed to 
participate in the study and provided written informed consent in accordance with UIUC IRB 
protocol 10144. Monetary compensation was provided to all subjects. 
  A total of 25 subjects were included in data analysis: 12 individuals with recent onset of 
tinnitus (RTIN), defined as less than 1 year, and 13 individuals that had tinnitus for more than 1 
year (LTIN). The RTIN group consisted of 5 male and 7 female participants age 48.1 ± 10.3, and 
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there were 9 males and 4 females, age 54.7 ± 7.0 in the LTIN group. Groups did not significantly 
differ in age (p<0.068). All participants completed the Tinnitus Handicap Inventory (THI) 
(Newman et al. 1998), Beck anxiety inventory (BAI), and Beck depression inventory (BDI-II) 
(Beck et al. 1984; Fydrich et al. 1992; Steer et al. 1997; Steer et al. 1993). THI: Subjects ranged 
from slightly bothersome tinnitus to mildly bothersome tinnitus. Note that the RTIN group 
scored higher on average (p<.012) compared to the LTIN group and a portion of RTIN subjects 
scored in the mildly bothersome category, but the average score for both groups fell within the 
slightly bothersome category (Table 2.1). BAI: Overall subjects ranged from minimal to mild 
anxiety (Table 2.1), with the RTIN group (BAI: 3.7 ± 3.6; 0-13) scoring slightly higher on 
average compared to the LTIN group (1.7 ± 1.6; 0-3; p<.026) (Beck et al. 1990). BDI-II:  The 
RTIN group scored between minimal to mild depression and all scores within the LTIN group 
were within the minimal depression range (Table 2.1). Similar to the other measures, the RTIN 
group scored slightly higher on the BDI-II (4.3 ± 3.9; 0-11) compared to the LTIN group (1.3 ± 
1.9; 0-6; p<.024) (Table 2.1). Note that we were unable to determine the hearing loss profile of 
all subjects; however, all subjects included in the study indicated they heard each sound during 
the scanning session. Data from a majority of the LTIN participants were included in previous 
studies within the lab (Carpenter-Thompson et al. 2014; Schmidt et al. 2013) 
Stimuli and Task 
 Stimuli were chosen from the International Affective Digital Sounds (IADS) database 
that were rated to be pleasant (P), unpleasant (U), or neutral (N) by young healthy adults 
(Bradley and Lang 2007). Based on the normative scores, (9 point scales for valance and arousal, 
with 1 being unpleasant and 9 pleasant, and 1 being not arousing and 9 very arousing), 90 sounds 
were selected: 30 pleasant sounds (valance: 6.83 ± 0.54; arousal: 6.46 ± 0.56), 30 unpleasant 
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sounds (valance: 2.78 ± 0.58; arousal: 6.9 ± 0.56), and, to serve as a baseline during fMRI data 
analysis, 30 neutral sounds (valance: 4.81 ± 0.43; arousal: 4.85 ± 0.57) (Bradley and Lang 2007). 
The 90 sound stimuli were presented to the subject through pneumonic headphones (Resonance 
Technology, Inc., Northridge, CA) while in the fMRI scanner. Presentation of the sounds was 
controlled using Presentation 14.7 software (http://www.neurobs.com) on a Windows XP 
machine. Subjects were asked to rate each sound as either pleasant, unpleasant or neutral using 
button presses during the scanning session. Participants were instructed to respond as soon as 
they felt confident in their rating. Subsequent rating and reaction time data were collected.   
Data Acquisition 
 Data were acquired using a Siemens 3T Allegra head only scanner. Similar to past studies 
(Carpenter-Thompson et al. 2014; Husain et al. 2014; Husain et al. 2011), cluster echo-planar 
imaging (EPI) acquisition was used to minimize scanner noise interference with stimuli 
perception (Gaab et al. 2003; Hall et al. 1999). Data from ninety trials, one for each stimulus, 
were obtained during the emotion task. The repetition time (TR) of each trial was 9 seconds. The 
9s TR interval consisted of 7s of silence, during which a 6s sound stimulus was presented, 
followed by a 2s scan.  
 During the scanning session, two sets of anatomical images and one set of functional 
images were collected. A structural low-resolution T2-weighted image (AxT2) and a structural 
high resolution magnetization-prepared rapid-acquisition with gradient echo (MPRAGE) image 
volumes were collected. Thirty two low-resolution transversal slices (AxT2) (TR = 7260 ms, TE 
= 98 ms) were collected for each volume with a  4.0 mm slice thickness and a 0.9 × 0.9 × 4.0 
mm3 voxel size (matrix size (per slice), 256 × 256; flip angle, 150 º).  One hundred and sixty 
MPRAGE 1.2 mm in thickness sagittal slices were obtained for each volume with a 1.0 × 1.0 × 
22 
 
1.2 mm3 voxel size (TR, 2300 ms; TE, 2.83 ms; matrix size (per slice), 256 × 256; flip angle, 9º). 
Functional images of the emotion task were obtained using the following parameters: TR, 9000 
ms with 2000 ms acquisition time; TE, 30 ms; slice thickness, 4 mm; inter-slice gap, 0.4 mm; 32 
axial or transverse slices, distance factor, 10%; voxel size, 3.4 × 3.4 × 4.0 mm3; field of view 
read, 220 mm; matrix size (per slice), 64 × 64; flip angle, 90º.  
Data Analysis 
Behavior 
 Behavioral data obtained through in-scanner responses were analyzed using SPSS version 
22 software (statistical package for social sciences, IBM, http://www-
01.ibm.com/software/analytics/spss/). Using ANOVA testing with group (RTIN, LTIN) and 
condition (P,N,U) set as independent factors and reaction time and rating set as dependent 
factors, between- and within-group differences were computed. Statistical significance was set at 
p<0.05 for all behavioral data.    
fMRI Data Analysis 
 Statistical parametric mapping 8 software (SPM8, Welcome Trust Centre for 
Neuroimaging, http://www.fil.ion.ucl.ac.uk/spm/software/spm8/) was used to analyze the fMRI 
data. Preprocessing within SPM8 was used to realign, coregister, normalize and smooth the 
images. Realignment: Images were realigned using a rigid body transformation to control for 
head motion. Coregistration: The AxT2 image was co-registered to the mean functional image 
generated from realignment. The MPRAGE image was then co-registered to the AxT2 image. 
Normalization: The MPRAGE was normalized to match a standard T1 MNI template. The 
normalization parameters obtained were then applied to the functional images to normalize them 
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into standard MNI space. Smoothing: A Gaussian kernel of 8x8x8 mm3 full width at half-
maximum was applied.  
 The smoothed images generated from pre-processing were used in first level fixed effects 
analysis to generate P>N and U>N contrast images for each subject. Note that the N condition 
was used as baseline. The contrast images generated from each subject (P>N, U>N) were used in 
flexible factorial analysis and post hoc independent sample t-tests at the second level. The RTIN 
and LTIN groups were compared directly using whole brain post hoc independent sample t-tests. 
Supplementary, targeted region-of-interest analysis (ROI) using the Wake Forest University Pick 
atlas toolbox (http://www.fmri.wfubmc.edu) within SPM8 was conducted to select for 
differences within primary auditory and limbic regions. An anatomically defined mask of the 
amygdala, insula, parahippocampus, and primary auditory cortex (Brodmann areas 42, 41, 22) 
was applied to the post hoc independent sample t-tests. Statistical significance was set at p<0.025 
FWE at the voxel level and small volume correction (SVC) was used for ROI analysis. 
2.4 Results 
Behavioral Results: 
Behavioral data of the emotional task were analyzed using ANOVA tests, with 
significance set at p<0.05. Group (LTIN, RTIN) and condition (P, N, U) were used as 
independent variables and reaction time and responses were used as dependent variables within a 
general linear model. Both groups responded slower to neutral than either pleasant or unpleasant 
sounds, and upon direct comparison, no differences in reaction time between groups were 
detected (Figure 2.1). Additionally, both groups responded unpleasant significantly more than 
pleasant, and LTIN responded unpleasant significantly more compared to neutral (Figure 2.2). 
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However, when directly comparing groups, no significant differences in sound ratings were 
observed (Figure 2.2).  
fMRI Results:  
A flexible factorial model was used to analyze the main effect of group and main effect 
of condition. Neural response was observed in the right superior temporal gyrus, left middle 
frontal gyrus and left insula for the main effect of group (Table 2.2). For the main effect of 
condition, response was observed in the medial frontal gyrus (Table 2.2). Within-group whole 
brain analysis was conducted to confirm the expected auditory regions were recruited by both 
groups during the task (Table 2.3). To investigate between group differences, we used whole-
brain independent sample t-tests (Table 2.4). To better elucidate differences in auditory and 
limbic regions, subsequent targeted ROI analysis was conducted (Table 2.5). 
Consistent with previous studies, whole-brain analysis revealed heightened response in 
temporal regions to the affective sounds in both groups (Carpenter-Thompson et al. 2014). For 
the LTIN (P>N) contrast, increased response was observed in the bilateral superior temporal 
gyrus, left middle temporal gyrus, left transverse temporal gyrus and left precuneus (Table 2.3). 
Elevated response was observed in the bilateral superior temporal gyrus, right middle temporal 
gyrus and left transverse temporal gyrus for the LTIN (U>N) comparison (Table 2.3). Increased 
response was observed in the bilateral middle temporal gyrus, left precuneus, and medial frontal 
gyrus for the RTIN (P>N) contrast (Table 2.3). For the RTIN (U>N) contrast, heightened 
response was observed in the right middle temporal gyrus, left superior temporal gyrus and left 
lentiform nucleus (Table 2.3).  
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Heightened PCC and Left Insular response detected in the RTIN group compared to the LTIN 
group when processing pleasant sounds. 
Similar to previous studies in our lab, the P>N contrast revealed the greatest number of 
differences between groups (Carpenter-Thompson et al. 2014). Using whole-brain independent 
sample t-tests analysis, increased response was observed in the posterior cingulate for the 
RTIN>LTIN (P>N) contrast (Figure 2.3; Table 2.4). Heightened response was observed in the 
left insula and right precentral gyrus for the RTIN>LTIN (U>N) comparison. To better detect 
limbic system activation, ROI analysis was implemented and increased left insular response was 
observed for the RTIN>LTIN (U>N) comparison (Table 2.5). No suprathreshold voxels were 
observed for the LTIN>RTIN (U>N) and RTIN>LTIN (P>N) comparisons (Table 2.5).  
Heightened temporal and frontal response detected in the LTIN group compared to the RTIN 
group when processing pleasant sounds. 
Using whole-brain independent sample t-tests, increased response was observed in the 
bilateral superior temporal gyrus, bilateral middle frontal gyrus, right supramarginal gyrus and 
cingulate gyrus for the LTIN>RTIN (P>N) comparison (Figure 2.4; Table 2.4). There were no 
suprathreshold voxels detected for the LTIN>RTIN (U>N) comparison (Table 2.4). Upon direct 
comparison using ROI analysis, increased response was observed in the right superior temporal 
gyrus for the LTIN>RTIN (P>N) contrast (Table 2.5).  
2.5 Discussion 
Our study produced two main findings. First, increased activation was observed in the 
posterior cingulate and insula in those with RTIN compared to LTIN for the pleasant sounds 
relative to neutral sounds. Second, elevated response was found in temporal and frontal regions 
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in the LTIN group compared to the RTIN group. Therefore, increased insular and posterior 
cingulate activity may be associated with tinnitus related distress, particularly during the initial 
onset of tinnitus. Increased activation of the temporal and frontal regions may indicate successful 
habituation to the tinnitus percept over time. These results are discussed in turn.  
Heightened PCC and Left Insular response detected in the RTIN group compared to the LTIN 
group when processing pleasant sounds. 
Consistent with our findings, previous studies have associated abnormal activity in limbic 
regions, specifically the posterior cingulate and insula with tinnitus distress (Carpenter-
Thompson et al. 2014; De Ridder, Vanneste, et al. 2011; Mirz et al. 1999; Plewnia et al. 2007; 
Vanneste et al. 2010; Vogt et al. 1992). A recent investigation compared RTIN and LTIN groups 
and found increased spontaneous activity in the dorsal anterior cingulate and insula for the LTIN 
group compared to the RTIN group (Vanneste et al. 2011). Note that the RTIN and LTIN groups 
had similar high levels of tinnitus severity in the Vanneste et al. (2011) study, and in the current 
study the RTIN group had slightly higher THI scores than the LTIN group. Vanneste et al. 
(2011) surmised the increased limbic response in their LTIN group was an indication of 
prolonged bothersome tinnitus. In the present study, we surmised the RTIN subjects had slightly 
higher THI scores because they have not yet habituated to the tinnitus percept. Accordingly, 
heightened PCC and insular activity may be neural indicators of increased tinnitus severity in the 
RTIN group, due to a lack of habituation, compared to the LTIN group. This is supported by 
previous models of tinnitus severity which included cingulate and insula regions as centers of 
tinnitus severity (De Ridder, Elgoyhen, et al. 2011). Therefore our results support our initial 
hypothesis that the RTIN group would exhibit heightened response in limbic regions.  
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Heightened temporal and frontal response detected in the LTIN group compared to the RTIN 
group when processing pleasant sounds. 
Consistent with our findings, past studies have found increased activation of the superior 
temporal gyrus and frontal regions, including the middle frontal gyrus, associated with tinnitus 
(Burton et al. 2012; Golm et al. 2013; Leaver et al. 2011). Increased activation in auditory 
regions has largely been associated with the tinnitus percept (Carpenter-Thompson et al. 2014; 
Giraud et al. 1999; Leaver et al. 2011; Plewnia et al. 2007; Reyes et al. 2002). In the current 
study we found increased response in primary auditory regions in the LTIN group compared to 
the RTIN group. Since the LTIN group had lower THI scores than the RTIN group, increased 
activation in these areas may indicate successful habituation to tinnitus by the LTIN group. In 
partial support of our findings, the recent publication by Vanesste et al. (2011), also found 
increased activation of the auditory cortex in the LTIN group compared to the RTIN group. 
However, they proposed the heightened response in the LTIN group may have been due to tonal 
memory in response to tinnitus (Vanneste et al. 2011). In addition to increased temporal 
response, we also found increased response in the middle frontal gyrus in the LTIN group 
compared to the RTIN group. Increased frontal response has been associated with top down 
control over emotional processing centers (St Jacques et al. 2010). Elevated response in the 
middle frontal gyrus observed in the LTIN group may indicate enhanced top down control over 
the emotional response to the tinnitus percept, resulting in lower THI scores in the LTIN patients 
relative to the RTIN group. Our results suggest increased activity in auditory and frontal regions 
may be associated with successful habituation to tinnitus. 
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2.6 Caveats 
The present study was a cross sectional study, rather than a longitudinal study, and 
therefore we can only postulate as to the meaning of differences in activation between LTIN and 
RTIN groups. We suggest a longitudinal functional imaging study of tinnitus in order to better 
identify the functional changes in tinnitus over time and to make more substantial claims as to 
which brain areas are involved in successful tinnitus coping. Additionally, the present study did 
not account for hearing loss in the two groups. Past studies have suggested that hearing loss may 
contribute to the observed functional results (Carpenter-Thompson et al. 2014; Husain et al. 
2014).We are unable to comment on the contribution of hearing loss to our results. Nevertheless, 
this study serves as a baseline for future studies to build upon to better understand functional 
alterations in tinnitus that may arise over time. 
2.7 Conclusion 
We found evidence for functional differences between RTIN and LTIN individuals 
suggesting that the limbic system may play a role in initial tinnitus related distress, while 
temporal and frontal regions may be involved in successful tinnitus coping. Presumably, those 
recently diagnosed with tinnitus had higher THI scores compared to LTIN patients because they 
have not yet habituated to the noise, nor have they learned successful coping strategies. In 
support of our hypothesis, we found increased activation in the posterior cingulate and insula in 
the RTIN group compared to the LTIN group. Therefore, elevated limbic system response may 
indicate increased tinnitus distress. We also found support for our hypothesis that the LTIN 
group would show heightened response in the auditory cortex compared to RTIN controls. 
Additionally, we found increased middle frontal gyrus response in the LTIN group compared to 
the RTIN group. Increased response in the frontal regions may be an indication of individuals 
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with LTIN relying on frontal regions to better control their emotional response to tinnitus and 
diminish tinnitus related distress. Our results indicate that the initial neural response to tinnitus 
may involve limbic regions which may be associated with more bothersome tinnitus, and over 
time individuals may engage more temporal and frontal regions to better control their emotional 
response to the percept and reduce the bothersome nature of tinnitus.  
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Chapter 2  (Study 1) Tables and Figures  
Table 2.1. 
Group: RTIN (Recent Tinnitus) LTIN (Long Term Tinnitus) 
Group Size 12 13 
Age(M±SD)  48.1 ± 10.3; 32-65 54.7 ± 7.0; 42-64 
Gender  5 male, 7 female 9 male, 4 female 
BAI(M±SD)  3.7 ± 3.6; 0-13* 1.7 ± 1.6; 0-3* 
BDI-II(M±SD)  4.3± 3.9; 0-11* 1.3 ± 1.9; 0-6* 
THI(M±SD) 15.7 ± 10.2; 2-34* 8.3 ± 6.8; 0-18* 
 
Table 2.1. Demographic and clinical characteristics for both groups. THI = tinnitus handicap 
inventory, BAI = Beck anxiety inventory, BDI-II = Beck depression inventory. Age, THI, BAI 
and BDI-II scores were compared using independent sample t-tests. * Indicates significant 
difference between groups at p<0.05. 
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Table 2.2. 
Contrast MNI 
Coordinates 
X, Y, Z 
Z Score Cluster 
mm3 
Brain Region (Brodmann area) 
Main Effect Group 56,-40,12 5.19 648 R. Superior temporal gyrus (BA 22) 
 -40,2,40 5.14 234 L. Middle frontal gyrus (BA 9) 
 -34,-10,16 5.02 330 L. Insula (BA 13) 
Main Effect Condition 0,52,-4 5.31 1444 Medial frontal gyrus (BA 10) 
 
Table 2.2. Local maxima for the main effect of group and condition. Regions are listed in 
Montreal Neurological Institute (MNI) coordinates. Brodmann areas are also provided (before 
determining the Brodmann areas, the MNI coordinates were converted to Talairach coordinates). 
Statistical threshold was set at p<0.025 FWE corrected for multiple comparisons. L, left; R, right
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Table 2.3. 
 
 
Table 2.3. Local maxima for the whole-brain analysis for within group contrasts. Whole-brain 
analysis for both the P>N and U>N conditions was computed for each group. Regions are listed 
in Montreal Neurological Institute (MNI) coordinates. Brodmann areas are also provided (before 
determining the Brodmann areas, the MNI coordinates were converted to Talairach coordinates). 
Statistical threshold was set at p<0.025 FWE corrected for multiple comparisons. L, left; R, 
right; P, pleasant; N, neutral; U, unpleasant.
Contrast MNI 
Coordinates 
X, Y, Z 
Z Score Cluster 
mm3 
Gyrus (Brodmann area) 
LTIN Group (P>N) 54,-16,2 6.14 273 R. Superior temporal gyrus (BA 22) 
52,-34,4 6.06  R. Middle temporal gyrus (BA 22) 
66,-30,0 5.46  R. Middle temporal gyrus (BA 21) 
-54,-10,0 5.94 303 L. Superior temporal gyrus (BA 22) 
-56,-16,10 5.68  L. Transverse temporal gyrus (BA 42) 
-56,-2,-2 5.52  L. Superior temporal gyrus (BA 22) 
-62,-40,10 5.35 43 L. Superior temporal gyrus (BA 22) 
-6,-56,34 5.28 61 L. Precuneus (BA 7) 
-10,-48,30 5.02  L. Precuneus (BA 31) 
LTIN Group (U>N) -58,-8,2 5.81 371 L. Superior temporal gyrus (BA 22) 
 -58,-16,10 5.61  L. Transverse temporal gyrus (BA 42) 
 54,-46,2 5.69 194 R. Middle temporal gyrus (BA 22) 
 58,-4,0 5.34  R. Superior temporal gyrus (BA 22) 
 60,2,-6 5.26  R. Superior temporal gyrus (BA 22) 
 48,-34,4 5.34 29 R. Superior temporal gyrus (BA 22) 
RTIN Group (P>N) 58,2,-8 6.12 103 R. Middle temporal gyrus (BA 21) 
 56,-10,-4 5.19 R. Middle temporal gyrus (BA 22) 
 -10,-46,44 5.74 22 L. Precuneus (BA 7 
 -54,-20,-6 5.67 35 L. Middle temporal gyrus (BA 21) 
 14,50,10 5.32 30 Medial frontal gyrus (BA 10) 
RTIN Group (U>N) -26,-6,-6 5.95 45 L. lentiform nucleus 
 58,2,-8 5.78 46 R. Middle temporal gyrus (BA 21) 
 -54,-18,-6 5.62 25 R. Middle temporal gyrus (BA 21) 
 -54,-6,4 5.11 44 L. Superior temporal gyrus (BA 22) 
 -56,0,-4 5.05 L. Superior temporal gyrus (BA 22) 
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Table 2.4. Whole Brain 
Contrast MNI 
Coordinates 
X, Y, Z 
Z Score Cluster 
mm3 
Gyrus (Brodmann area) 
LTIN>RTIN(P>N) -16,-12,32 5.13 117 L. Middle cingulate gyrus 
 52,-42,16 5.10 596 R. Superior temporal gyrus (BA 22) 
 54,18,30 5.00 348 R. Middle frontal gyrus (BA 46) 
 42,-50,26 4.85 154* R. Supramarginal gyrus (BA 40) 
 -40,2,40 4.83 246* L. Middle frontal gyrus (BA 9) 
 6,12,30 4.82 145* R. Middle cingulate gyrus 
 -64,-38,10 4.81 603* L. Superior temporal gyrus (BA 22) 
 -22,-12,52 4.58 248* L. Middle frontal gyrus (BA 6) 
LTIN>RTIN(U>N)    No Suprathreshold voxels 
RTIN>LTIN(P>N) 12,-66,10 4.58 215* Posterior cingulate gyrus 
RTIN>LTIN(U>N) -32,-20,12 4.82 365* L. Insula  
 38,-12,36 4.81 265* R. Precentral gyrus (BA 4) 
 
Table 2.4. Local maxima for the whole-brain independent sample t-tests. Whole-brain 
independent sample t-tests were computed for between group differences. Regions are listed in 
Montreal Neurological Institute (MNI) coordinates. Brodmann areas are also provided (before 
determining the Brodmann areas, the MNI coordinates were converted to Talairach coordinates). 
Statistical threshold was set at p<0.025 FWE corrected for multiple comparisons (* indicates 
significant at cluster level only). L, left; R, right; P, pleasant; N, neutral; U, unpleasant.
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Table 2.5.  ROI 
 
Table 2.5. Local maxima for the region of interest (ROI) independent sample t-tests. Between 
group independent sample t-tests using ROI analysis comprised of amygdala, insula, 
parahippocampus, and primary auditory cortex (Brodmann areas 42, 41, 22) was conducted. 
Regions are listed in Montreal Neurological Institute (MNI) coordinates. Brodmann areas are 
also provided (before determining the Brodmann areas, the MNI coordinates were converted to 
Talairach coordinates). Statistical threshold was set at p<0.025 FWE corrected for multiple 
comparisons (* indicates significant at cluster level only). L, left; R, right; P, pleasant; N, 
neutral; U, unpleasant.
Contrast MNI 
Coordinates 
X, Y, Z 
Z Score Cluster 
mm3 
Gyrus (Brodmann area) 
LTIN>RTIN(P>N) 50,-42,18 4.66 34 R. Superior temporal gyrus (BA 22) 
LTIN>RTIN(U>N)    No Suprathreshold voxels 
RTIN>LTIN(P>N)    No Suprathreshold voxels 
RTIN>LTIN(U>N) -32,-20,14 4.46 216* L. Insula (BA 13) 
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Figure 2.1. Reaction time results. Both LTIN and RTIN groups responded slower to N sounds 
compared to P and U sounds. However, there were no significant differences observed between 
groups. Statistical significance p<0.05. 
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Figure 2.2. Behavioral response results. Both LTIN and RTIN groups responded U more than P 
sounds. The LTIN group also responded U more than N sounds. There were no significant 
differences observed between groups. Statistical significance p<0.05. 
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Figure 2.3. Statistical parametric maps for post-hoc independent sample t-tests. Whole brain 
post-hoc independent sample t-tests were used to determine group differences. Statistical tests 
detected increased response in the posterior cingulate in the RTIN group compared to the LTIN 
group. For better visualization, the maps are displayed at p<0.001 uncorrected, but the circled 
cluster is corrected for multiple comparisons (p<0.025 FWE).  
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Figure 2.4. Statistical parametric maps for post-hoc independent sample t-tests. Post-hoc 
independent sample t-tests using whole brain analysis were used to determine group differences. 
Statistical tests detected increased response in bilateral superior temporal gyrus in the LTIN 
group compared to the RTIN group. For better visualization, the maps are displayed at p<0.001 
uncorrected, but the circled cluster is corrected for multiple comparisons (p<0.025 FWE). 
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3.1 Abstract 
 
Objectives. The objective of the study was to examine the effects of tinnitus severity on quality 
of life and the benefits physical activity may have on tinnitus severity and quality of life. We 
hypothesized (1) quality of life would be negatively correlated with tinnitus severity, (2) physical 
activity would be negatively correlated with tinnitus severity, (3) tinnitus severity and physical 
activity would have significant independent effects on quality of life, and (4) physical activity 
would have significant and independent effects on tinnitus severity.  
Design. An online survey was used to collect data from adults with tinnitus, 1030 individuals 
initiated the survey. Approximately 40% of responses were not included in data analysis due to 
incomplete data. The following measures were included in the survey: Tinnitus Functional Index, 
the Godin Leisure-Time Exercise Question, the Medical Outcomes Study 36-item short form, 
and the Satisfaction with Life Scale. Descriptive statistics, Pearson correlations and multiple 
linear regression analyses were conducted.  
Results. Higher levels of physical activity were significantly associated with improved health 
related and global quality of life and lower levels of tinnitus severity. Both tinnitus severity and 
physical activity accounted for significant unique variations in the quality of life measures. 
Physical activity accounted for significant unique variation in tinnitus severity.  
Conclusion. Physical activity had a small but statistically significant beneficial effect on quality 
of life and tinnitus distress. Our results suggest that physical activity may be a management 
strategy for those with tinnitus, but further testing is necessary to assess the relationship between 
physical activity and tinnitus severity. 
Abbreviations: Quality of Life (QOL), Tinnitus Functional Index (TFI); Mental Component 
Score (MCS); Physical Component Score (PCS); Satisfaction with Life Scale (SWLS); Health 
Related Quality of Life (HRQOL).  
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3.2 Introduction 
Tinnitus is the subjective perception of noise with no external source and affects 10-15% 
of the general population and approximately 33% of individuals 65 years old and older (Nondahl 
et al. 2002; Tyler and Baker 1983). Tinnitus negatively affects quality of life (QOL) via impaired 
sleeping habits, increased stress level, frustration, depression, irritability, and anxiety (Bartels et 
al. 2008; Sindhusake et al. 2004; Tyler and Baker 1983). Research has confirmed that 10-15% of 
tinnitus patients experience significant perceived handicap and psychological distress related to 
QOL (Bartels et al. 2008; Newman et al. 2011), as well as elevated rates of depression compared 
to the general population (Control 2010; Shargorodsky et al. 2010). Additionally, past research 
has suggested comorbid depression and anxiety are associated with more severe tinnitus (Bartels 
et al. 2008). Current forms of management such as cognitive behavioral therapy have been 
shown to decrease tinnitus distress, but may be expensive and require treatment from qualified 
therapists (Martinez-Devesa et al. 2010). Therefore, further compounding the problem is a lack 
of inexpensive, effective coping strategies that may moderate these distress factors and improve 
QOL in the tinnitus population.  
In recent years, increased physical activity has been associated with improved global 
QOL, health related quality of life (HRQOL) and other psychological states (Babyak et al. 2000; 
Elavsky et al. 2005; McAuley et al. 2004; Mi Rye Suh et al. 2002). HRQOL reflects clinically 
relevant aspects of QOL that pertain to an individual’s physical and mental health status, and 
global QOL refers to an individual’s overall satisfaction with life (Diener et al. 1985; Wilson et 
al. 1995). Physical activity has been linked to decreased anxiety and depression scores in 
individuals with chronic illness, and exercise has been shown to be as effective as standard 
medication in treating major depressive disorders (Babyak et al. 2000; Mi Rye Suh et al. 2002). 
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Given the impact of physical activity on such a wide variety of health conditions, it is surprising 
that there is a dearth of studies on the relationship between physical activity and tinnitus severity. 
Currently, only a few forms of physical activity, e.g.,  yoga and jaw exercises, have been used 
therapeutically for tinnitus, but the efficacy of these applications has not been tested rigorously, 
and the findings are equivocal (Kröner-Herwig et al. 1995; Loprinzi et al. 2011; Loprinzi et al. 
2013; Tabachnick 1994). It has been proposed, that yoga and similar relaxation type activities 
such as Qigong may alleviate tinnitus (Biesinger et al. 2010; Kröner-Herwig et al. 1995), but, 
other studies have called the effectiveness of such practices into question (Dobie 1999; Kröner-
Herwig et al. 1995; McFerran et al. 2007). Jaw exercises aiming to relax the jaw have been 
shown to alleviate the temporo-mandibular joint (TMJ) related tinnitus; however, only a small 
minority of the tinnitus population have TMJ-related issues (Tabachnick 1994). A more recent 
epidemiological study found that regular exercise decreased overall risk for developing tinnitus; 
however, it did not investigate the impact of exercise on existing tinnitus severity (Loprinzi et al. 
2013).  
The purpose of this study was to determine whether physical activity is associated with 
tinnitus severity, HRQOL and global QOL. Another aim was to investigate whether tinnitus 
severity and physical activity had independent effects on HRQOL and global QOL. Additionally, 
we investigated whether physical had independent effects on tinnitus severity. We hypothesized 
that higher HRQOL and global QOL would be associated with lower tinnitus severity levels. 
Further, we expected those participants reporting higher levels of physical activity to have lower 
tinnitus severity scores. We anticipated that tinnitus severity would be associated with decreased 
HRQOL and global QOL scores and physical activity would be associated with higher HRQOL 
and global QOL scores, when accounted for within the same model. Finally, we expected the 
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effects of physical activity on tinnitus severity to remain significant when other variables shown 
to affect tinnitus distress, namely depression and anxiety, were accounted for within the same 
model. 
3.3 Methods 
 
Participants 
 
Surveys were distributed through emails to members of the American Tinnitus 
Association (ATA) and past volunteers of tinnitus studies at the Auditory Cognitive 
Neuroscience (ACN) laboratory using Survey Monkey (http://www.surveymonkey.com/) for 
online completion. A link to the survey was included on the ACN laboratory’s website and those 
emailed the survey had the option to forward the link to qualifying friends and family members. 
Participation was voluntary and those surveyed were electronically consented. The study was 
approved by a university institutional review board (UIUC IRB 12898 protocol). After 6 months 
of data collection, follow-up email reminders were sent to ATA members and past ACN 
laboratory volunteers to complete the survey. A total of 1030 individuals with tinnitus responded 
to the survey.  
Measures 
 
Demographics  
A demographics questionnaire obtained data concerning gender, age, education, 
ethnicity, marital status, number of children, employment status, race, and annual household 
income.  
Health-Related Quality of Life 
To assess HRQOL, the Medical Outcomes Study 36-item short form measure of health 
status was used (SF-36, Ware and Sherbourne 1992). Health related QOL is a commonly used 
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instrument among physicians to gauge a patient’s health status (Abbott et al. 2007; Bertagnoli et 
al. 2002; Caillard et al. 2007; Chong et al. 2003; Kosma et al. 2009; Ware 2007; Wilson and 
Cleary 1995). The mental health (MH) domain of the SF-36 measures feelings of depression and 
anxiety (Ware 2007; Ware et al. 1994). Mental health scores were included in regression 
modeling which used tinnitus severity as the dependent variable to account for depression and 
anxiety which have been associated with tinnitus distress (Bartels et al. 2008). The SF-36 scores 
are compiled into comprehensive summary scores reflecting physical health status component 
score (PCS) and mental health status component score (MCS).  
Global Quality of Life 
To measure global QOL, the Satisfaction with Life Scale (SWLS) was used (Diener et al. 
1985). The SWLS is a 5-item scale and each scale item is rated on a 7-point scale from strongly 
disagree (1), to strongly agree (7), with higher scores representing greater life satisfaction.  Pavot 
and Diener’s (1993) review of research using the SWLS suggests that it is sensitive enough to 
detect changes in life satisfaction over the course of a clinical intervention. The SWLS has 
demonstrated adequate internal reliability and validity in an array of populations (Diener et al. 
1985; McAuley et al. 2006; Pavot et al. 1993; Pavot et al. 1991). 
Tinnitus severity  
All participants indicated that they suffered from tinnitus and completed the Tinnitus 
Functional Index (TFI), a standardized tinnitus severity assessment that has been frequently used 
in the literature (Kohli et al. 2012; Meikle et al. 2012; Shekhawat, Searchfield, Kobayashi, et al. 
2013; Shekhawat, Searchfield and Stinear 2013; Wise 2012). The TFI score is calculated from 
the following 8 domains: Sense of Control (Sc), Cognitive (C), Sleep (SL), Auditory (A), 
Relaxation (R), Quality of Life (Q), and Emotional (E) (Meikle et al. 2012).  
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Physical Activity 
To assess physical activity level, the Godin Leisure-Time Exercise questionnaire 
(GLTEQ) was used (Godin and Shephard 1997; Godin et al. 1985). The GLTEQ assessed the 
number of times per week an individual performs strenuous (e.g. running, jogging, basketball, 
football), moderate (e.g. fast walking, tennis, dancing, badminton), and mild exercise (e.g. 
archery, fishing, bowling, golf) for more than 15 minutes during free time. The weekly 
frequencies of strenuous, moderate, and mild activities were multiplied by their respective 
metabolic equivalent of 9, 5, and 3, and then summed to obtain the weekly leisure time score 
(possible range = 0-119). The GLTEQ has been validated in numerous studies (Ainsworth et al. 
1992; Brown et al. 2006; Courneya et al. 1996; Gillison et al. 2006; Godin and Shephard 1997; 
Motl et al. 2005).  
Statistical Analysis 
 
Data were analyzed using IBM SPSS statistics version 22 software (IBM, 
www.ibm.com/software/analytics/spss/). Demographic data were examined with basic frequency 
and descriptive analyses. Correlational analyses were used to examine the relationships among 
tinnitus severity, physical activity, HRQOL, and global OOL. Hierarchical linear regression 
analyses were used to determine (1) whether the effects of physical activity and tinnitus severity 
on HRQOL and global QOL were independent or whether the associations of these variables 
with HRQOL and global QOL were statistically reduced when controlling for the other factors 
and (2) whether the effect of physical activity on tinnitus severity was independent and 
significant or whether the association would be statistically reduced when accounting for other 
factors suggested to affect tinnitus severity, namely anxiety and depression. The demographic 
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factors of age, gender, education, annual income and race were treated as covariates in these 
analyses.  
3.4 Results 
Demographics 
A total of 1030 individuals with tinnitus responded to the survey. When performing 
statistical analysis we included all complete responses for each section of the survey. Note that 
the number of valid responses varied for each analysis (630 ± 50). The majority of respondents 
were male, age 45-74, and had completed 1-3 years of college, college/university graduate, or 
attained a master’s degree (Table 3.1).  
Tinnitus severity and quality of life measures. 
There were 609 valid responses for HRQOL and 677 valid responses for global QOL. 
Better mental health status was associated with lower tinnitus severity (r = -.574, p< 0.001) 
(Table 3.2), as was physical health status (r = -.291, p< 0.001) (Table 3.2). Likewise, higher 
global QOL was associated with less severe tinnitus (r = -.460, p< 0.001) (Table 3.2). Similar 
relationships existed for each subscale of the TFI (Table 3.2). 
Physical activity and tinnitus severity. 
 There were 639 valid responses for physical activity. In support of our hypothesis, more 
physically active individuals reported overall lower tinnitus severity (r = -.216, p< 0.001) (Table 
3.3). Relative to the TFI sub-scores, more active individuals had a stronger Sense of Control (Sc) 
and a lower sense of Cognitive Interference (C) (Table 3.3). Note that moderate physical activity 
had the strongest correlation with overall tinnitus severity (Table 3.3).  
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Independent effects of tinnitus severity and physical activity on HRQOL and global QOL.  
There were 585 valid responses for use in the hierarchical linear regression analyses. 
Three linear regression models of QOL were computed, one for each dependent variable: overall 
SWLS score (Table 3.4a), and the PCS (Table 3.4b) and MCS (Table 3.4c) measures. For 
hierarchical analysis, demographic factors were included in block 1, TFI in block 2 and GLTEQ 
scores in block 3. The overall SWLS model was significant (F = 31.869, p< 0.001) accounting 
for 26.5% of the total variance in global QOL (Table 3.4a). The demographic variables 
accounted for 13.3% of the observed variance (Table 3.4a). The addition of the TFI variable 
resulted in a significant increase in R2 (25.6%). Likewise, GLTEQ scores added 1.1% to the 
overall portion of variance accounted for in the model (Table 3.4a). Each block accounted for 
significant unique variations in global QOL. Both the PCS and MCS regression models were 
significant (F = 18.128, p< 0.001; F = 52.561, p< 0.001) and explained 19.0% and 40.5% of the 
total variance, respectively (Table 3.4b,c). Concerning the PCS model, demographic factors 
contributed to 9.3% of variance. Tinnitus severity and GLTEQ score accounted for an additional 
3.9% and 5.8% of the observed variance, respectively (Table 3.4b). For the MCS regression, the 
demographic factors explained 18.2% and TFI score explained an additional 21.2% of variance 
(Table 3.4c). The GLEQ score contributed a further 1.1% to the total explained variance (Table 
3.4c). Each block accounted for significant unique variations in HRQOL. Note that for each 
model, the TFI and Godin variables had consistent independent effects on HRQOL and global 
QOL variables statistically significant at p≤ 0.003 (Table 3.4a,b,c).  
Independent effects of physical activity on tinnitus severity. 
 Hierarchical regression analysis was performed to examine whether the effects of 
physical activity on tinnitus severity were significant or were statistically reduced when other 
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variables shown to affect tinnitus severity, namely depression and anxiety, were accounted for 
within the same model. Depression and anxiety were included because they have been shown to 
be significantly correlated with tinnitus severity (Bartels et al. 2008). The Mental Health score 
was used in the regression analysis to account for depression and anxiety, (Ware 2007; Ware and 
Gandek 1994). Overall TFI score and the Sense of Control component were used as dependent 
variables in separate linear regression models (Table 3.5a,b respectively). For either analysis, 
demographic factors were included in block 1, Mental Health in block 2 and GLTEQ score in 
block 3. The overall TFI model was significant (F = 38.826, p< 0.001) and accounted for 31.0% 
of the total variance (Table 3.5a). The demographic factors accounted for 14.6% of the observed 
variance (Table 3.5a). Mental Health and GLTEQ scores explained an additional 16.5% and 
0.8% of variance respectively (Table 3.5a). The Sense of Control model (F = 27.336, p< 0.001) 
accounted for 23.3% of the total variance. Demographic factors explained 10.9% of the observed 
variance with Mental Health and GLTEQ accounting for an additional 12.3% and 1.0% of the 
observed variance respectively (Table 3.5b). Note that GLTEQ accounted for a small but 
statistically significant amount of variance for both models at p≤ 0.009. 
3.5 Discussion  
Our study revealed four main findings. First, as QOL increased, tinnitus severity 
decreased. Second, higher levels of physical activity were correlated with lower tinnitus severity 
scores. Third, tinnitus severity and physical activity had independent effects on HRQOL and 
global QOL measures. Lastly, physical activity had significant and independent effects on 
tinnitus severity. Each of these findings is consistent with our initial hypotheses. Our results 
suggest that physical activity may be a capable option to help individuals with tinnitus ameliorate 
their tinnitus-related distress. These findings are further discussed below. 
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Tinnitus severity and quality of life measures. 
Higher QOL was found to be associated with lower tinnitus severity. This is not 
surprising given evidence from past research, which has shown tinnitus to be significantly 
correlated with factors that decrease QOL such as depression and anxiety (Budd et al. 1995; 
Folmer et al. 1999; Halford et al. 1991; Langguth et al. 2007). Additionally, our results are 
supported by previous studies that have found QOL decreased as tinnitus related distress 
increased (Bartels et al. 2008; Erlandsson et al. 2000; Erlandsson et al. 2001; Härter et al. 2004). 
Consistent with our results, past investigations that have employed the SF-36 to study tinnitus 
found tinnitus severity was correlated with decreased HRQOL scores (Härter et al. 2004; 
Nondahl et al. 2007). In addition to using the SF-36 metric to measure HRQOL, we included the 
SWLS to measure global QOL. Our results indicate that global QOL decreased as tinnitus 
severity increased. Anecdotal evidence from volunteers in our lab supports our finding; however, 
we were unable to find another study that correlated tinnitus severity and global QOL as 
measured by the SWLS. In conclusion, our hypothesis that tinnitus severity was negatively 
correlated with QOL measures was supported by our findings.  
Physical activity and tinnitus severity. 
A negative relationship between physical activity and tinnitus severity was observed. 
This is consistent with other studies that have shown physical activity to be associated with 
positive outcomes for neuropsychiatric disorders (Babyak et al. 2000; Ballard-Barbash et al. 
2012; Elavsky et al. 2005; General et al. 1996; Gillison et al. 2006; McAuley et al. 2006; 
McAuley et al. 2004; Mi Rye Suh et al. 2002). In the field of tinnitus research, a relationship 
between physical activity and tinnitus severity has been speculated; however, few studies have 
explicitly investigated the relationship (Hutchinson et al. 2010; Livestrong.com 2011) . The 
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results of the current study support the anecdotal evidence that increased physical activity is 
correlated with decreased tinnitus severity (Livestrong.com 2011).  
Additionally, our results are consistent with a recent publication that found increased 
physical activity was associated with decreased overall risk of developing tinnitus (Loprinzi et al. 
2013). Note that existing tinnitus severity was not examined in the previous study. The 
overarching aim of our study was to investigate whether or not physical activity may benefit 
those that have already developed tinnitus, and the aim of the Loprinzi et al. (2013) study was to 
determine if physical activity was associated with a decreased risk of developing tinnitus. 
Additionally, our study differs from Loprinzi et al. (2013) in that they analyzed pre-existing data 
from the National Health and Nutrition Examination Survey collected on adolescents ages 12-19 
and older adults ages 70-85, whereas we collected data from adults ages 18 to 75, and older than 
75. Loprinzi et al. (2013) relied on accelerometer data to estimate physical activity and general 
tinnitus-related questions to determine whether or not individuals developed tinnitus. In the 
present study the GLTEQ was used to estimate physical activity, and the TFI was used to 
measure tinnitus severity. Therefore, this study extends the work done by Loprinzi et al. (2013) 
to those currently suffering with tinnitus. Our study is the first to explicitly examine and confirm 
a negative correlation between physical activity and tinnitus severity.  
Independent effects of tinnitus severity and physical activity on HRQOL and global QOL.  
 Tinnitus severity and physical activity had independent effects on HRQL and global QOL 
measures. Tinnitus severity was associated with lower HRQOL and global QOL scores and 
physical activity was associated with higher HRQOL and global QOL scores, and these effects 
were both significant when accounted for within the same model (Table 3.4a,b,c). Consistent 
with our study, past studies have shown physical activity improved QOL in many different 
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patient populations (Brown et al. 2003; Brown et al. 2004; Elavsky et al. 2005; Rejeski et al. 
2001) and improved disease related outcomes (Ballard-Barbash et al. 2012; Mi Rye Suh et al. 
2002; Motl et al. 2013). It is important to note that the effects of physical activity on QOL were 
small, but remained significant within the regression model. Further testing is necessary to make 
definitive claims concerning the beneficial effects of physical activity on QOL in the tinnitus 
population. However, our results suggest physical activity may benefit those with tinnitus by 
improving quality of life. 
Independent effects of physical activity on tinnitus severity. 
Physical activity had independent effects on tinnitus severity. This is consistent with past 
research that found physical activity was associated with a decreased risk of developing tinnitus 
(Loprinzi et al. 2013). In our study, physical activity had a small but statistically significant 
beneficial effect on tinnitus severity when other variables known to impact tinnitus were 
included in the same model. Based on our findings, there is a weak negative correlation between 
physical activity and tinnitus severity but further studies are necessary to more closely examine 
these associations. However, we speculate that even a slight improvement in tinnitus distress 
may be a meaningful benefit to those with tinnitus. It has been shown that individuals with 
tinnitus do not feel in control of the percept and this loss of control exacerbates tinnitus severity 
(Kirsch et al. 1987; Meikle et al. 2007; Sirois et al. 2006). We theorize, that physical activity 
may provide the means for these individuals to gain a sense of control over the tinnitus percept. 
This was supported by our results in that increased physical activity was correlated with 
increased Sense of Control over the tinnitus percept, and this effect remained significant when 
we controlled for other factors known to influence tinnitus severity. Alternatively, physical 
activity may distract from the tinnitus percept, providing the patients a temporary “break” from 
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tinnitus. For example, when individuals participate in forms of physical activity they enjoy they 
may become sufficiently engaged so as to cease to notice their tinnitus. In essence, physical 
activity, in this case, may act as a distraction from the unpleasant symptoms of tinnitus. There is 
considerable literature to suggest that the beneficial effects of physical activity can be brought 
about by both physiological and psychological influences of physical activity. Further research 
examining this phenomenon in tinnitus is warranted. In all, we propose that physical activity, 
especially moderate levels of activity such as fast walking, tennis, dancing or badminton, may 
help decrease tinnitus distress. 
3.6 Caveats 
The current study is based on cross sectional survey data, therefore any changes in 
quality of life over time resulting from changes in physical activity or tinnitus severity are not 
discernable. Additionally, the present study did not control for other coping strategies and 
interventions used by respondents. Future studies should incorporate longitudinal survey analysis 
to ascertain how alterations in physical activity may affect tinnitus severity and QOL measures. 
Additionally, future studies should recruit individuals with varying levels of tinnitus severity and 
physical activity level and have them undergo imaging such as fMRI to understand functional 
differences between groups that may result from improved physical activity. Despite these 
limitations, this study is the first to examine explicitly the relationship between tinnitus severity, 
physical activity, HRQOL, and global QOL using established, elaborate questionnaires specific 
for each factor. This study serves as a baseline for future studies to explore the use of physical 
activity as a coping strategy for tinnitus. 
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3.7 Conclusion 
 Our findings support the premise that increased physical activity may reduce tinnitus-
related distress. We found that as health related and global quality of life increased, tinnitus 
severity decreased. Additionally, we found that as physical activity levels increased, tinnitus 
severity decreased. The negative association of tinnitus severity and the positive association of 
physical activity on health related and global quality of life were found to be significant when 
both variables were taken into account. Upon further analysis, increased physical activity was 
found to decrease tinnitus severity when depression and anxiety scores were taken into account. 
The beneficial effects of physical activity on quality of life and tinnitus severity were small but 
statistically significant. We propose that physical activity may benefit those with tinnitus, by 
improving health related quality of life and global quality of life, and thereby decreasing tinnitus 
severity. An inference from our results is that physical activity, especially moderate activity such 
as tennis or dancing, may help improve tinnitus related distress. Future study is necessary to 
confirm the potential benefit of physical activity on tinnitus distress.   
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Chapter 3 (Study 2) Tables  
Table 3.1 
Demographic factors N % 
Male 475 57.5 
Female 351 42.5 
Age   
    18-24 5 .6 
    25-34 41 5 
    35-44 82 9.9 
    45-54 191 23.1 
    55-64 277 33.5 
    65-74 172 20.8 
    75 or older 59 7.1 
Ethnicity   
    Hispanic or Latino 52 6.9 
    Not Hispanic or Latino 698 93.1 
Education   
    Less than 9th Grade 2 .2 
    9th Grade (Jr High) 3 .4 
    Partial High School 13 1.6 
    High school degree or equivalent(e.g., GED) 90 10.9 
    1-3 years of college or 2 year College/Vocational/Technical school 211 25.6 
    College/University Graduate 251 30.5 
    Masters degree 173 21.0 
    PhD or Equivalent 81 9.8 
Marital Status   
    Married 556 67.3 
    Partnered/Significant Other 41 5.0 
     Single 106 12.8 
    Divorced/Separated 97 11.7 
    Widowed 26 3.1 
Number of Children   
    None 221 26.8 
    1 141 17.1 
    2 272 33.0 
    3 123 14.9 
    4 48 5.8 
    5 8 1.0 
    6 3 .4 
    7 4 .5 
    More than 7 5 .6 
Employment Status   
    Full time  working at least 35 hours/week 370 44.7 
    Part time  working less than 35 hours/week 88 10.6 
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    Retired, working part-time 193 23.3 
    Retired, working part-time 58 7.0 
    Laid off or unemployed 29 3.5 
    Full time homemaker 25 3.0 
    Disabled, not able to work 64 7.7 
Race   
    American Indian or Alaskan Native 3 .4 
    Asian 19 2.4 
    Native Hawaiian or Other Pacific Islander 3 .4 
    Black or African American 12 1.5 
    White 745 92.9 
    More than One Race 20 2.5 
Annual Household Income   
    Less than $5,000 15 1.9 
    $5,001 – 10,000 15 1.9 
    $10,001 – 15,000 32 4.1 
    $15,001 – 20,000 16 2.0 
    $20,001 – 25,000 34 4.3 
    $25,001 – 30,000 32 4.1 
    $30,001 – 40,000 71 9.1 
    $40,001 or greater 568 72.5 
 
Table 3.1. General demographics. 
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Table 3.2 
 
Table 3.2. Pearson’s correlations between the global and health related QOL and tinnitus 
severity. Increased HRQOL and global QOL scores were correlated with decreased overall TFI 
and subscale scores. Satisfaction with life scale (SWLS), mental health score (MCS), and 
physical health score (PCS). Godin Leisure-Time Exercise questionnaire (GLTEQ), Tinnitus 
functional index (TFI), Sense of Control (Sc), Cognitive (C), Sleep (SL), Auditory (A), 
Relaxation (R), Quality of Life (Q), and Emotional (E).  
  
 GLTEQ TFI               I SC C SL A R Q E 
SWLS     
Pearson 
Correlation 
                      
Sig. (2-
tailed) 
.208 
<.0001 
-.460 
<.0001 
-.320 
<.0001 
-.417 
<.0001 
-.448 
<.0001 
-.288 
<.0001 
-.216 
.006 
-.374 
<.0001 
-.492 
<.0001 
-.493 
<.0001 
PCS        
Pearson 
Correlation 
                      
Sig. (2-
tailed) 
.317 
<.0001 
-.291 
<.0001 
-.213 
<.0001 
-.244 
<.0001 
-.284 
<.0001 
-.211 
<.0001 
-.229 
<.0001 
-.198 
<.0001 
-.295 
<.0001 
-.201 
<.0001 
MCS       
Pearson 
Correlation 
                      
Sig. (2-
tailed) 
.223 
<.0001 
-.574 
<.0001 
-.361 
<.0001 
-.467 
<.0001 
-.572 
<.0001 
-.449 
<.0001 
-.243 
<.0001 
-.473 
<.0001 
-.620 
<.0001 
-.632 
<.0001 
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Table 3.3 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3.3. Pearson’s correlations between physical activity and tinnitus severity. Increased 
GLTEQ scores were correlated with decreased overall TFI and subscale scores. Godin Leisure-
Time Exercise questionnaire (GLTEQ), strenuous (Stren.), moderate (Mod.), and mild exercise. 
Tinnitus functional index (TFI), Sense of Control (Sc), Cognitive (C), Sleep (SL), Auditory (A), 
Relaxation (R), Quality of Life (Q), and Emotional (E).  
  
 TFI               I SC C SL A R Q E 
GLTEQ   
Pearson 
Correlation 
                     
Sig. (2-tailed) 
-.216 
<.0001 
-.148 
<.0001 
-.210 
<.0001 
-.211 
<.0001 
-.164 
<.0001 
-.106 
.006 
-.166 
<.0001 
-.188 
<.0001 
-.194 
<.0001 
Stren.    
Pearson 
Correlation 
                      
Sig. (2-tailed) 
-.164 
<.0001 
-.096 
.013 
-.157 
<.0001 
-.130 
.001 
-.145 
<.0001 
-.098 
.011 
-.107 
.005 
-.133 
<.0001 
-.129 
<.0001 
Mod.     
Pearson 
Correlation 
                      
Sig. (2-tailed) 
-.170 
<.0001 
-.144 
<.0001 
-.137 
<.0001 
-.178 
<.0001 
-.116 
.003 
-.099 
.011 
-.111 
.004 
-.150 
<.0001 
-.144 
<.0001 
Mild      
Pearson 
Correlation 
                      
Sig. (2-tailed) 
-.057 
.152 
-.052 
.194 
-.062 
.116 
-.048 
.225 
-.048 
.218 
.007 
.857 
-.049 
.213 
-.041 
.299 
-.080 
.042 
60 
 
Table 3.4 
 
A. 
A Value for the full model 
B  Entered as one block 
C Full Model F = 31.869, p< 0.001 
 
 
 
B. 
 
Dependent 
Variable: PCS 
R2 R2 
change 
p-
value 
β A     t A p-
value A 
99% β 
Confidence 
Interval 
1. Demographic 
Variables B 
.093 .093 < .001     
Gender    -.064 -1.616 .107 -.161 : .037 
Age    -.090 -2.281 .023 -.189 : .012 
Education    .051 1.228 .220 -.057 : .161 
Annual Household 
Income 
   .172 4.245 < .001 .074 : .304 
Race    .002 .056 .956 -.103 : .111 
2. TFI   .132 .039 < .001 -.177 -4.160 < .001 -.283 : -.066 
3. GLTEQ .190C .058 < .001 .248 6.201 < .001 .140 : .340 
A Value for the full model 
B  Entered as one block 
C Full Model F = 18.128, p< 0.001 
 
 
 
 
Dependent 
Variable: SWLS 
R2 R2 
change 
p-
value 
β A     t  A p-
value  A 
99%  β 
Confidence 
Interval 
1. Demographic 
Variables B 
.133 .133 < .001     
Gender    .098 2.747 .006 .006 : .190 
Age     .153 4.278 < .001 .062 : .250 
Education    .043 1.136 .256 -.056 : .144 
Annual Household 
Income 
   .165 4.490 < .001 .077 : .286 
Race    -.059 -1.658 .098 -.162 : .035 
2. TFI   .256 .123 < .001 -.363 -9.463 < .001 -.461 : -.263 
3. GLTEQ .265C .011 .003 .108 2.954 .003 .013 : .200 
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C. 
 
Dependent 
Variable: MCS 
R2 R2 
change 
p-
value 
β A     t A p-
value A 
99% β 
Confidence 
Interval 
1. Demographic 
Variables B 
.182 .182 <.001     
Gender    .048 1.429 .153 -.039 : .135 
Age    .244 7.222 < .001 .158 : .334 
Education    -.039 -1.093 .275 -.136 : .055 
Annual 
Household 
Income 
   .149 4.281 < .001 .066 : .267 
Race    -.053 -1.585 .114 -.154 : .037 
2. TFI   .395 .212 <.001 -.483 -
13.278 
< .001 -.582 : -.392 
3. GLTEQ .405 C .011 .002 .106 3.100 .002 .017 : .193 
A Value for the full model  
B  Entered as one block 
C Full Model F = 52.561, p< 0.001 
 
Table 3.4. Hierarchical regression predicting A. Satisfaction with Life Scale (SWLS); B. 
Physical Component Score (PCS); C. Mental Component Score (MCS). Godin Leisure-Time 
Exercise questionnaire (GLTEQ), Tinnitus functional index (TFI). 
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Table 3.5 
 
A. 
 
A Value for the full model 
B  Entered as one block 
C Full Model F = 38.826, p< 0.001 
 
 
B. 
 
Dependent 
Variable: SC 
R2 R2 
change 
p-
value 
β A     t A p-
value A 
99% β 
Confidence 
Interval 
1. Demographic 
Variables B 
.109 .109 < .001     
Gender    .081 2.257 .024 -.012 : .174 
Age    -.021 -.576 .565 -.120 : .076 
Education    -.204 -5.505 < .001 -.306 : -.110 
Annual Income    -.006 -.149 .882 -.114 : .101 
Race    -.018 -.497 .619 -.120 : .081 
2. MH .224 .123 < .001 -.354 -9.259 < .001 -.676 : -.381 
3. GLTEQ  .233C .010 .004 -.106 -2.862 .004 -.199 : -.010 
A Value for the full model 
B  Entered as one block 
C Full Model F = 27.336, p< 0.001 
 
Table 3.5. Hierarchical regression predicting A. Tinnitus functional Index (TFI); B. Sense of 
Control (SC). Godin Leisure-Time Exercise questionnaire (GLTEQ), Mental Health (MH).  
Dependent 
Variable: TFI 
R2 R2 
change 
p-
value 
β A     t  A p-
value  A 
99% β 
Confidence 
Interval 
1. Demographic 
Variables  B 
.146 .146 < .001     
Gender    .083 2.398 .017 -.006 : .173 
Age     -.039 -1.100 .272 -.134 : .054 
Education    -.228 -6.402 < .001 -.328 : -.139 
Annual Income    -.015 -.415 .678 -.121 : .087 
Race    .010 .273 .785 -.086 : .107 
2. MH .303 .165 < .001 -.417 -11.253 < .001 -.779 : -.488 
3. GLTEQ  .310C .008 .009 -.093 -2.623 .009 -.183 : -.001 
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Chapter 4: Study 3 
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4.1 Abstract 
 
Objectives. The aim of the study was to identify functional and behavioral differences between 
individuals with higher tinnitus distress and lower physical activity levels and individuals with 
lower tinnitus distress and higher physical activity levels. The results from the experiment 
identify brain regions to be targeted in a future pilot intervention study to directly test the 
efficacy of physical activity as a therapy for tinnitus. 
Design. A total of 32 individuals with varying levels of physical activity and tinnitus severity 
were recruited from the Urbana-Champaign area. Volunteers were divided into higher tinnitus 
distress and lower tinnitus distress groups. After groups were divided based on tinnitus distress, 
groups also significantly differed based on physical activity scores; therefore, subjects were 
grouped into a higher tinnitus distress lower physical activity level group (HDLP) and a lower 
tinnitus distress higher physical activity level group (LDHP). Subjects underwent an fMRI while 
listening to affective sounds rated to be pleasant, neutral or unpleasant from the International 
Affective Digital Sounds database. Functional magnetic resonance imaging data were analyzed 
using SPM8 software and behavioral data were analyzed using SPSS version 22 software.  
Results. The HDLP group recruited the amygdala and parahippocampus to a greater extent than 
the LDHP group when listening to affective sounds. We found that the LDHP group engaged 
more frontal regions when listening to the affective stimuli compared to the HDLP group.  
Conclusion. Our results suggest that individuals with HDLP may recruit limbic regions to a 
greater extent when listening to affective stimuli, compared to LDHP individuals, which may be 
associated with increased tinnitus distress. Individuals with lower tinnitus distress and higher 
levels of physical activity may utilize frontal regions to better control their emotional response to 
affective sounds. We suggest that the future pilot physical activity intervention study focuses on 
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changes in the function of limbic and frontal regions when evaluating the efficacy of physical 
activity as a therapy for tinnitus.   
 
Abbreviations: Tinnitus Functional Index (TFI); Tinnitus Handicap Inventory (THI); Godin 
Leisure Time Exercise Questionnaire (GLTEQ); Beck Anxiety Inventory (BAI); Beck 
Depression Inventory (BDI-II); Higher Distress tinnitus (HD); Lower Distress tinnitus (LD); 
Higher levels of Physical activity (HP); Lower levels of Physical Activity (LP); Higher Physical 
Activity Level Subgroup (HPS), Lower Physical Activity Level Subgroup (LPS) 
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4.2 Introduction 
The population of individuals classified as older adults is rapidly increasing and 
individuals in this group are living longer. Despite living longer, a commonly accepted aspect of 
normal aging is a progressive alteration and decline in quality of life (QOL). Older adults 
typically experience a ringing in their ears, tinnitus, which affects upwards of 33% of adults age 
65 years and older (Sindhusake et al. 2003). Previous research has suggested the tinnitus signal is 
similar to an alarm bell and the limbic system is responsible for attributing emotional 
significance to the percept, resulting in intrusive and chronic tinnitus (Jastreboff 1990; 
Rauschecker et al. 2010). Tinnitus may result in loss of sleep, interference with concentration, 
social withdrawal, avoidance behaviors, and negative emotional reactions (Bartels et al. 2008; 
Halford and Anderson 1991; Langguth et al. 2007; Tyler and Baker 1983). Past studies have 
suggested that depression and anxiety may be strongly correlated with tinnitus severity (Bartels 
et al. 2008; Halford and Anderson 1991). A lack of effective coping strategies may lead to the 
development of distress factors and a decreased QOL. Higher levels of physical activity have 
been associated with lower levels of tinnitus severity (Carpenter-Thompson et al. Submitted 
2014). However, the neuronal differences underlying this association have not been investigated. 
Therefore the aim of the current study was to utilize functional magnetic resonance imaging 
(fMRI), to characterize neuronal differences among tinnitus subjects with higher tinnitus distress 
and lower physical activity levels (HDLP) and individuals with lower tinnitus distress and higher 
physical activity levels (LDHP) to identify brain regions for a future intervention study to target 
when directly testing the efficacy of physical activity as a therapy for tinnitus.  
Alterations in the limbic system have been associated with tinnitus distress. Key regions 
of the limbic system associated with tinnitus distress include the amygdala, parahippocampus 
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and insula (Carpenter-Thompson et al. 2014; De Ridder, Vanneste, et al. 2011; Golm et al. 2013; 
Vanneste et al. 2010). The amygdala was one of the first limbic regions to be associated with 
tinnitus and has been associated with increased tinnitus distress (De Ridder et al. 2006; De 
Ridder, Vanneste, et al. 2011; Jastreboff 1990). Previous research has suggested that the 
amygdala may attribute emotional significance to sounds, thus, determining the individual’s 
emotional response to stimuli (Kraus et al. 2012; Kumar et al. 2012). Similarly, studies have 
suggested that increased parahippocampal and insular activation in tinnitus groups compared to 
controls may also be neural indicators of tinnitus related distress (Carpenter-Thompson et al. 
2014; Golm et al. 2013; Vanneste et al. 2010). Increased levels of depression and anxiety, which 
may be associated with increased response from limbic regions, have also been observed in the 
tinnitus population (Bartels et al. 2008; Halford and Anderson 1991; Thomas et al. 2001).  
Therefore, we expected increased response in the discussed limbic regions in the HDLP group 
compared to the LDHP group. 
Past research has shown increased physical activity to be associated with lower levels of 
tinnitus severity (Carpenter-Thompson et al. Submitted 2014) and improved quality of life 
(Babyak et al. 2000; Carpenter-Thompson et al. Submitted 2014; Elavsky et al. 2005; McAuley 
et al. 2004; Mi Rye Suh et al. 2002). However, there have been no studies investigating neural 
differences between HDLP and LDHP groups. Based on previous imaging studies, which 
demonstrated increased frontal response in individuals with lower tinnitus severity levels, we 
expected the LDHP group would recruit frontal regions to a greater extent than the HDLP group 
(Carpenter-Thompson et al. 2014; Carpenter-Thompson et al. In Preperation 2014). Increased 
response from frontal regions when processing emotionally salient stimuli has been associated 
with improved control over emotional response (Dolcos et al. 2011; Jacques et al. 2009). 
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Therefore, we hypothesized the LDHP group would have better emotional control, resulting in 
lower tinnitus severity and this would be reflected in increased frontal response when compared 
to the HDLP group.  
 There is a gap in knowledge concerning functional differences between individuals with 
LDHP and HDLP. It is important to investigate these differences to identify areas that may be 
hubs of tinnitus distress or successful coping for future intervention studies. A recent survey 
study demonstrated increased physical activity may be associated with lower levels of tinnitus 
severity (Carpenter-Thompson et al. Submitted 2014). However, there have been no studies 
investigating the underlying neural correlates of this relationship. Therefore, the aim of the 
present study was to identify functional and behavioral differences between HDLP and LDHP 
groups to provide evidence for brain regions to be targets in a future pilot intervention study to 
directly test the efficacy of physical activity as a therapy for tinnitus. Our main hypotheses were: 
(1) The HDLP group would exhibit increased response in the amygdala, parahippocampus and 
insula compared to the LDHP group (2) The LDHP group would show elevated response in 
frontal regions compared to the HDLP group.  
4.3 Methods 
Subjects 
Subjects were recruited from the Urbana-Champaign area using emails and flyers. Prior 
to participation, subjects provided written informed consent in accordance with the Institutional 
Review Board (UIUC IRB protocol 12896). Monetary compensation was provided to the 
subjects upon completion of the study. Subjects were grouped based on their tinnitus severity 
scores. Subjects scoring ≤18 on the THI (slight-mild) were included in the lower tinnitus distress 
group, subjects scoring ≥20 on the THI scale (mild-moderate) were included in the higher 
tinnitus distress group (Table 4.1). On average subjects in the lower tinnitus severity group also 
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had higher physical activity scores and vice versa; therefore, the individuals were grouped into 
LDHP and HDLP groups. To better isolate the effects of physical activity, the LDHP and HDLP 
groups were divided into subgroups based on median GLTEQ scores for within group analyses. 
For the within group analyses, the LDHP group was divided into a higher physical activity level 
subgroup (LDHP_HPS) and a lower physical activity level subgroup (LDHP_LPS). Similarly, 
the HDLP group was divided into a higher physical activity level subgroup (HDLP_HPS) and a 
lower physical activity level subgroup (HDLP_LPS) (Table 4.2). 
Measures 
Physical activity level was assessed using the Godin leisure time exercise questionnaire 
(GLTEQ) (Godin and Shephard 1997). Subjects were asked how many times during a typical 
week they participated in strenuous (e.g. running, jogging, basketball, football), moderate (e.g., 
fast walking, tennis, dancing, badminton) and mild (e.g. archery, fishing, bowling, golf) forms of 
activity. Their responses were multiplied by their respective metabolic equivalents, 9, 5 and 3, to 
obtain a total physical activity score (Godin and Shephard 1997). In the present study, GLTEQ 
scores were used to compare physical activity level between groups in order to determine relative 
higher and lower physical activity scores. The GLTEQ has been used in several studies to assess 
physical activity (Ainsworth et al. 1992; Brown and Rhodes 2006; Carpenter-Thompson et al. 
Submitted 2014; Courneya and Friedenreich 1996; Gillison et al. 2006; Godin and Shephard 
1997; Motl et al. 2005).   
Tinnitus severity was measured using the tinnitus functional index (TFI) and tinnitus 
handicap inventory (THI). The TFI provides an overall score (0-100) of tinnitus severity summed 
from the impact of tinnitus on 8 domains (Meikle et al. 2012). The THI asks questions pertaining 
to the impact of tinnitus on an individual’s lifestyle and general well-being to provide a 
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comprehensive score between (0-100) (Newman et al. 1998). The TFI and THI are 
questionnaires commonly used to estimate tinnitus severity (Ainsworth et al. 1992; Brown and 
Rhodes 2006; Carpenter-Thompson et al. 2014; Carpenter-Thompson et al. Submitted 2014; 
Courneya and Friedenreich 1996; Gillison et al. 2006; Godin and Shephard 1997; Motl et al. 
2005; Schmidt et al. 2013).  
Anxiety and depression were assessed using the Beck anxiety inventory (BAI) and Beck 
depression inventory (BDI-II), respectively. The BAI includes 21 targeted questions to provide a 
score ranging from 0-63 (Beck and Steer 1990; Julian 2011). The BDI-II also consists of 21 
questions with scores ranging from 0-63 (Steer et al. 1997). The BAI and BDI-II have been 
validated as measures of anxiety and depression respectively (Beck and Steer 1984; Fydrich et 
al. 1992; Steer et al. 1997; Steer et al. 1993).  
Audiological assessment 
A complete audiological assessment was performed on each subject. The audiological 
assessment included pure tone audiometry, word recognition, bone conduction, and 
tympanometry testing. Pure tone thresholds for the following frequencies were tested: 250, 500, 
1000, 2000, 4000, 6000, and 8000 Hz. The right and left ear pure tone thresholds were averaged 
to provide an overall hearing profile (Figure 4.1). The averaged pure tone thresholds ranged from 
normal hearing to moderate hearing loss (0 – 40 dB HL) for both groups (Figure 4.1). One 
subject was excluded for asymmetrical profound hearing loss (90+ dB HL) at all tested 
frequencies in the left ear. During the scanning session, subjects were also asked if they could 
clearly hear the sounds. Two subjects were excluded from data analysis because they indicated 
significant difficulty hearing the sounds.  
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Stimuli and Task 
Subjects completed an affective sound categorization task while in the fMRI scanner. 
Sounds with normative scores on valance (1 very unpleasant – 9 very pleasant) and arousal (1 
low arousing – 9 high arousing) from the International Affective Digital Sounds Database 
(IADS) were used (Bradley and Lang 2007). Thirty pleasant sounds (valance: 6.83 ± 0.54 
arousal: 6.46 ± 0.56), 30 unpleasant sounds (valance: 2.78 ± 0.58 arousal: 6.9 ± 0.56) and, to 
serve as baseline in data analysis, 30 neutral sounds (valance: 4.81 ± 0.43 arousal: 4.85 ± 0.57) 
were presented to subjects during relative periods of quiet in the fMRI scanner (Bradley and 
Lang 2007). Sound delivery to the subjects was controlled using Presentation version 14.7 
software (http://www.neurobs.com) on a Windows 7 machine. The Avotec silent scan 3300 
sound system (http://www.avotecinc.com) was used to deliver sounds to the subjects through 
sound dampening headphones. Subjects were asked to rate the sounds as pleasant (P), unpleasant 
(U), or neutral (N) as soon as they felt confident in their rating using right hand button presses. 
Rating and reaction time data were collected. 
Data Acquisition 
 Functional and structural data were collected using a Magnetom Trio 3T fMRI scanner. 
Cluster echo-planar imaging (EPI) acquisition was used to reduce scanner noise interference with 
stimuli presentation (Carpenter-Thompson et al. 2014; Gaab et al. 2003; Hall et al. 1999; Husain 
et al. 2014; Husain et al. 2011). For each stimulus presentation, the time interval was 9 seconds. 
Within the 9 second TR, a 7 second interval when the radio frequency gradients were not active 
to provide relative quiet was included. The 6 second sound stimulus was presented during the 7s 
interval. A 2s scan followed the 7s interval of relative silence. Ninety functional images were 
collected in total. The following parameters were used to obtain the functional images: TR, 9000 
ms with 2000 ms acquisition time; TE, 25 ms; slice thickness, 3 mm; inter-slice gap, 0.4 mm; 38 
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transverse slices, distance factor, 10%; voxel size, 2.5 × 2.5 × 3.0 mm3. The low-resolution T2-
weighted image (AxT2) was obtained using the following parameters: 38 low-resolution 
transversal slices (AxT2) (TR = 3400 ms, TE = 64.0 ms) with a  3.0 mm slice thickness and a 1.2 
× 1.2 × 3.0 mm3 voxel size.  The high resolution magnetization-prepared rapid-acquisition with 
gradient echo (MPRAGE) image was obtained using the following parameters: 160 MPRAGE 
sagittal slices that were 1.2 mm in thickness with a 1.0 × 1.0 × 1.2 mm3 voxel size (TR, 2300 ms; 
TE, 2.84 ms).  
Data Analysis 
Behavioral data were analyzed using Statistical Package for Social Sciences version 22 
software (SPSS, IBM,http://www-01.ibm.com/software/analytics/spss/). Group comparisons of 
age, tinnitus severity, physical activity level, anxiety and depression were computed using 
independent sample t-tests. Behavioral data from the scanning sessions were analyzed using 
ANOVA testing. For ANOVA testing, reaction time and ratings were set as dependent variables, 
and group (LDHP, HDLP) and condition (P, N, U) were set as independent variables. The 
statistical significance threshold was set at p<0.05.  
Functional MRI data were analyzed using SPM8 software (Statistical Parametric 
Mapping, Welcome Trust Center for Neuroimaging, 
http://www.fil.ion.ucl.ac.uk/spm/software/spm8/) similar to past studies (Carpenter-Thompson et 
al. 2014; Carpenter-Thompson et al. In Preperation 2014; Husain et al. 2014). Images were 
preprocessed using the following steps: realignment, coregistration, normalization and 
smoothing (Carpenter-Thompson et al. 2014; Carpenter-Thompson et al. In Preperation 2014; 
Husain et al. 2014). In first level analysis, P>N and U>N contrast images were generated from 
each subject (Carpenter-Thompson et al. 2014; Carpenter-Thompson et al. In Preperation 2014; 
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Husain et al. 2014). At the second level, within a flexible factorial model, the P>N and U>N 
contrast were combined into an Emotion>Neutral contrast, analogous to previous research  
(Husain et al. 2014). Main effect of group and condition were carried out within the model, and 
whole brain post hoc independent sample t-tests were conducted to compare groups (i.e. 
HDLP>LDHP (Emotion>Neutral)). In addition to whole brain comparisons, we employed a 
region-of-interest (ROI) analysis based on our prior hypothesis concerning the influence of the 
limbic system in tinnitus. Anatomically defined limbic regions including the insula, 
parahippocampus, and amygdala along with the primary auditory cortex (Brodmann areas 42, 41, 
22) were generated using the Wake Forest University pickatlas toolbox 
(http://www.fmri.wfubmc.edu). The primary auditory cortex was included because tinnitus is an 
auditory disorder that has been shown to involve the auditory cortex (Carpenter-Thompson et al. 
In Preperation 2014; Giraud et al. 1999; Leaver et al. 2011; Plewnia et al. 2007; Reyes et al. 
2002; Vanneste et al. 2011). The LDHP and HDLP groups were divided into subgroups based on 
a median split of GLTEQ scores to investigate within group differences, referred to as subgroup 
analyses. Within group independent sample t-tests, comparing the subgroups (LDHP_HPS, 
LDHP_LPS; HDLP_HPS, HDLP_LPS), using an ROI analysis comprised of the amygdala, 
parahippocampus, middle frontal gyrus and superior frontal gyrus were conducted to further 
investigate the results from the between group comparisons (LDHP, HDLP). Statistical 
significance was set at p<0.025 FWE corrected for multiple comparisons for fMRI data analysis 
and small volume correction (SVC) was applied to the ROI analysis.   
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4.4 Results 
Demographic Results 
Individuals were grouped based on tinnitus distress level and a group comparison of 
GLTEQ scores indicated groups also significantly differed in physical activity level. Groups did 
not significantly differ in age (p<0.219). A significant difference in Tinnitus Handicap Inventory 
(THI) and Tinnitus Functional Index (TFI) score was observed between the groups, with the 
higher distress group scoring significantly higher on THI (34.5 ± 9.7; p<5.5x10-9) and TFI (46.1 
± 12.1; p<9.8x10-10) measures compared to the lower distress group (THI: 9.6 ± 5.7; TFI: 14.9 ± 
7.6) (Table 4.1). The higher tinnitus distress group had significantly lower Godin leisure time 
exercise questionnaire (GLTEQ) scores (27.3 ± 17.9; p<0.002) compared to the lower tinnitus 
distress group (57.7 ± 30.2) (Table 4.1). The higher distress group scored significantly higher on 
the Beck anxiety inventory (BAI) (4.9 ± 3.4; p<0.002) and Beck depression inventory (BDI-II) 
questionnaires (7.3 ± 7.5; p<0.087) than the low distress group (BAI: 1.5 ± 2.1; BDI-II: 3.3 ± 
4.6) suggesting those in the higher tinnitus distress group also experienced higher levels of 
anxiety and depression (Table 4.1). Note that in the high distress group 12 individuals had 
GLTEQ scores below 35, and in the low distress group 2 volunteers scored below 35. Therefore, 
we were able to divide subjects into higher tinnitus distress lower physical activity level (HDLP) 
and lower tinnitus distress higher physical activity level (LDHP) groups. Correlational analysis 
between THI, TFI, GLTEQ, BAI and BDI-II was also conducted for additional information 
(Table 4.9).  
The same comparisons were computed in the subgroups. The HDLP subgroups, 
significantly differed in GLTEQ (p<0.001) and BAI (p<0.045) measures (Table 4.2). There was 
not a significant difference in age (p<0.192), THI (p<0.923), TFI (p<0.645) and BDI-II 
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(p<0.658) (Table 4.2). Concerning the LDHP subgroups, a significant difference was observed in 
GLTEQ (p<0.001), BAI (p<0.013), and BDI-II (p<0.05) (Table 4.2). There was not a significant 
difference in age (p<0.178), THI (p<0.425) or TFI (p<0.594).  
Behavioral Results 
 ANOVA testing was conducted to compare reaction time and responses. The LDHP 
group responded significantly faster to the pleasant sounds compared to the HDLP group 
(p<0.001) (Figure 4.2). Both groups responded significantly slower to neutral sounds compared 
to pleasant (LDHP, p<5.2x10-36; HDLP, p<3.6x10-24) and unpleasant sounds (LDHP, p<2.5x10-
28; HDLP, p<2.3x10-31), consistent with previous research (Figure 4.2) (Carpenter-Thompson et 
al. 2014; Carpenter-Thompson et al. In Preperation 2014). The LDHP group responded 
significantly faster to pleasant sounds compared to the unpleasant sounds (p<0.020) (Figure 4.2). 
Concerning the number of responses, no significant differences between groups were detected 
(Figure 4.3). The HDLP group responded unpleasant significantly more than pleasant (p<0.0001) 
and neutral (p<0.001). The LDHP group responded unpleasant significantly more than pleasant 
(p<0.005) (Figure 4.3). 
fMRI Results 
Main effect of group and condition were computed within the flexible factorial model 
using whole brain voxel-wise analysis. For main effect of group, neural response was observed 
in the bilateral precentral gyrus, bilateral parahippocampus, and bilateral insula (Table 4.3). 
Response was also observed in the right superior frontal gyrus, right inferior frontal gyrus, right 
amygdala, right inferior parietal lobule, left supramarginal gyrus, left superior temporal gyrus, 
left transverse temporal gyrus, left inferior parietal lobule, left precuneus and cingulate gyrus 
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(Table 4.3). For the main effect of condition, neural response was observed in the anterior 
cingulate (Table 4.3).  
Within group whole brain voxel-wise analysis revealed elevated response in temporal 
regions in response to the affective stimuli for both groups compared to neutral sounds. For the 
HDLP (Emotion>Neutral) contrast elevated response was observed in bilateral superior temporal 
gyrus, right middle temporal gyrus, bilateral amygdala, and bilateral parahippocampus (Table 
4.4). For the LDHP (Emotion>Neutral) contrast heightened response was observed in the 
bilateral superior temporal gyrus and left middle temporal gyrus (Table 4.4). Increased response 
was also observed in the left superior frontal gyrus and medial frontal gyrus for the LDHP 
(Emotion>Neutral) (Table 4.4). Note that increased amygdala and parahippocampal activity was 
not detected for the LDHP (Emotion>Neutral) contrast (Table 4.4). This is consistent with 
previous studies, which detected heightened temporal cortex response in low distress tinnitus 
groups when listening to affective stimuli (Carpenter-Thompson et al. 2014; Carpenter-
Thompson et al. In Preperation 2014). Note that in the previous studies the tinnitus groups had 
mild tinnitus.  For a complete list of activated regions, refer to Table 4.4. 
Heightened amygdala and parahippocampal response in HDLP compared to LDHP. 
 Groups were compared using post-hoc independent sample t-tests. Concerning whole 
brain analysis, increased response was observed in the bilateral amygdala and bilateral 
parahippocampus for the HDLP>LDHP (Emotion>Neutral) comparison (Table 4.5). This was 
consistent with previous studies which also detected increased parahippocampal response in mild 
tinnitus groups compared to non-tinnitus controls (Carpenter-Thompson et al. 2014). Similarly, 
ROI analysis of post-hoc independent sample t-tests detected elevated response in the bilateral 
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amygdala and bilateral parahippocampus for the HDLP>LDHP (Emotion>Neutral) contrast 
(Figure 4.4; Table 4.6).  
 Subgroups: Region-of-interest analysis using post-hoc independent sample t-tests of the 
subgroups revealed increased left parahippocampus and left amygdala activity in the 
HDLP_LPS> HDLP_HPS (Emotion>Neutral) comparison (Figure 4.6; Table 4.7). Similarly, 
heightened response was observed in the bilateral parahippocampus and left amygdala for the 
LDHP_LPS> LDHP_HPS (Emotion>Neutral) contrast (Figure 4.7; Table 4.8). Limbic response 
was not observed in the reverse comparisons (Table 4.7; Table 4.8).   
Elevated frontal response in LDHP compared to HDLP. 
 For whole brain post-hoc independent sample t-tests elevated response was observed in 
the bilateral superior frontal gyrus, bilateral middle frontal gyrus, and right inferior frontal gyrus 
for the LDHP>HDLP (Emotion>Neutral) comparison (Figure 4.5, Table 4.5). For the ROI 
analysis of the post-hoc independent sample t-tests, heightened response was observed in the left 
transverse temporal gyrus and left insula for the LDHP>HDLP (Emotion>Neutral) comparison 
(Table 4.6). For a complete list of activated regions, refer to Tables 4.5 and 4.6.  
Subgroups: For the ROI analysis of the post-hoc independent sample t-tests in the 
subgroups, increased response in the right superior frontal gyrus and right middle frontal gyrus 
was observed in the HDLP_HPS> HDLP_LPS (Emotion>Neutral) comparison (Figure 4.6, 
Table 4.7). Likewise, heightened response was observed in the left superior frontal gyrus and 
right middle frontal gyrus for the LDHP_HPS> LDHP_LPS (Emotion>Neutral) contrast (Figure 
4.7, Table 4.8). Frontal response was not observed in the reverse comparisons (Table 4.7; Table 
4.8).   
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4.5 Discussion 
 Our results yielded two main findings: (1) Increased response in the amygdala and 
parahippocampus was observed in the HDLP group compared to the LDHP group (2) The LDHP 
group had increased frontal response compared to the HDLP group. These findings are consistent 
with our initial hypothesis and are discussed in turn below.  
Heightened amygdala and parahippocampal response in HDLP compared to LDHP. 
 Based on the literature, we expected the HDLP group to show increased engagement of 
the amygdala and parahippocampus compared to the LDHP group (Carpenter-Thompson et al. 
2014; De Ridder et al. 2006; Jastreboff et al. 2000; Mirz 2000; Mirz et al. 2000; Vanneste et al. 
2010). Our results supported our hypothesis, and increased amygdala and parahippocampal 
response was observed in the HDLP>LDHP (Emotion>Neutral) contrast. This corroborates 
previous research that used low resolution electromagnetic tomography to investigate neural 
correlates of tinnitus distress and found increased activation of the amygdala to be correlated 
with tinnitus distress (Vanneste et al. 2010). Past research using the same experimental paradigm 
as the present study substantiates these findings (Carpenter-Thompson et al. 2014). The authors 
found that individuals with lower levels of tinnitus severity relied less on the amygdala when 
processing affective sounds than normal hearing and hearing loss control groups. The researchers 
suggested that the lower severity tinnitus group relied on alternative regions of the limbic 
system, during emotional processing, to avoid the amygdala and its connections with the 
auditory cortex to minimize the bothersome nature of tinnitus, and that those with higher levels 
of tinnitus severity would recruit the amygdala to a greater extent (Carpenter-Thompson et al. 
2014; Kumar et al. 2012). In the present study, heightened parahippocampus response in the 
HDLP group compared to the LDHP group when listening to affective stimuli may be an 
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indication of tinnitus distress. In support of this hypothesis, past research found increased 
parahippocampal response in tinnitus compared to non-tinnitus groups (Carpenter-Thompson et 
al. 2014). Other studies have also shown increased parahippocampal response to be associated 
with tinnitus distress (De Ridder, Vanneste, et al. 2011). Increased parahippocampal response 
has been associated with the lack of habituation to novel stimuli and tinnitus related distress 
(Vanneste et al. 2010). The subgroup analysis revealed that individuals with lower levels of 
physical activity, in both higher and lower tinnitus distress groups, recruited the amygdala and 
parahippocampus to a greater extent than those with higher levels of physical activity; note that 
these differences were significant at a threshold of p<0.001 uncorrected. We suspect the elevated 
limbic response in the lower physical activity level subgroups compared to respective higher 
physical activity subgroups may reflected in increased depression and increased anxiety scores in 
the lower physical activity subgroups. Therefore, increased response from amygdala and 
parahippocampal regions may be an indication of tinnitus related distress, and lower physical 
activity levels may contribute to the observed increased recruitment of the limbic system in the 
higher tinnitus distress lower physical activity group.  
Elevated frontal response in LDHP compared to HDLP. 
 Consistent with our hypothesis, increased response in frontal regions was detected in the 
LDHP group compared to the HDLP group when processing affective sounds. This corroborates 
previous research comparing individuals recently diagnosed with tinnitus to those that had 
tinnitus for a long period of time (Carpenter-Thompson et al. In Preperation 2014). The authors 
found that those that had tinnitus for a long period of time had less severe tinnitus, and relied 
more on frontal regions when processing affective stimuli compared to those recently diagnosed 
with tinnitus (Carpenter-Thompson et al. In Preperation 2014). The researchers suggested 
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increased frontal response was associated with successful habituation to tinnitus (Carpenter-
Thompson et al. In Preperation 2014). Similarly, in the present study those with less severe 
tinnitus recruited frontal regions to a greater extent than those with more severe tinnitus (Figure 
4.5). We propose that the observed increased frontal response in the LDHP group is an indication 
of successful habituation to the tinnitus percept through improved regulation of emotional 
response. This is supported by previous work that demonstrated increased frontal response was 
associated with top down control over emotional processing (Dolcos et al. 2011; St Jacques et al. 
2010). A recent review suggested that the use of top down mechanisms to exert control over 
emotion reaction can, over time, lead to the ability to cope with emotional distress (Dolcos et al. 
2011). In the subgroup analysis, we found those with higher physical activity recruited frontal 
regions to a greater extent while listening to emotion sounds when compared to those with lower 
levels of physical activity. Note that the subgroup differences were significant at p<0.001 
uncorrected. We suspect that elevated frontal response in the higher physical activity subgroup 
relative to respective lower physical activity subgroups may reflect better emotional regulation. 
Better emotional regulation may be reflected in lower anxiety and lower depression scores for 
the higher physical activity subgroups relative to respective lower physical activity subgroups. 
Our results suggest successful coping to tinnitus may involve increased frontal response, and 
higher levels of physical activity may contribute to the observed increase in frontal response in 
the LDHP group compared to the HDLP group.  
 Increased response in temporal regions may be associated with decreased tinnitus 
severity. Previous research has found increased recruitment of auditory regions in those that have 
had tinnitus for a long period of time compared to those that were recently diagnosed with 
tinnitus (Carpenter-Thompson et al. In Preperation 2014; Vanneste et al. 2011). Vanneste et al. 
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(2011) suggested the observed increased temporal response was due to tonal memory of the 
tinnitus percept (Vanneste et al. 2011). Other studies have suggested increased temporal response 
may be associated with habituation to the tinnitus percept (Carpenter-Thompson et al. In 
Preperation 2014). In the current study, the increased temporal response in the lower distress 
group compared to the higher distress group when listening to affective sounds may be 
associated with successful habituation to tinnitus. 
Contrary to our hypothesis, increased insular activation was observed in the LDHP group 
rather than the HDLP group. A previous study using real time fMRI feedback asked participants 
with tinnitus to diminish their tinnitus intensity (Haller et al. 2010). The researchers found that 
when subjects successfully decreased their tinnitus, they relied on increased insular activation 
(Haller et al. 2010). Similarly, past research found increased insular activation in individuals 
with lower levels of tinnitus severity compared to non-tinnitus controls (Carpenter-Thompson et 
al. 2014). Alternatively, insular activation has been associated with increased tinnitus distress 
(Burton et al. 2012; De Ridder, Vanneste, et al. 2011; Golm et al. 2013). The role of the insula in 
tinnitus remains unclear; however, the majority of studies in our lab suggests the insula may be 
associated with habituation to tinnitus.   
4.6 Caveats 
Because neutral sounds were used as a baseline, functional differences in response to 
neutral sounds between groups were not discernable. Additionally, we did not control for any 
therapies the individuals in the study may be using or have used to reduce tinnitus related 
distress. However, we did ask participants if they were employing therapies for tinnitus and one 
volunteer indicated using the dietary supplement Lipoflavonoid in the past for his tinnitus, all 
other volunteers indicated they had not used any form of therapy. The cross sectional design of 
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the study also precludes us from observing longitudinal changes in emotional processing that 
may occur from changing physical activity levels. Therefore, we can only speculate as to the 
involvement of physical activity in the habituation to tinnitus. Nevertheless, the present study 
serves as a foundation for a future pilot study to investigate neural changes that may occur after a 
physical activity intervention.   
4.7 Conclusion 
We found evidence for limbic and frontal regions to be targeted in a future pilot 
intervention study to directly test the efficacy of physical activity as a therapy for tinnitus. 
Individuals were separated into lower tinnitus distress higher physical activity level and higher 
tinnitus distress lower physical activity level groups. We found that individuals with higher 
levels of tinnitus distress and lower levels of physical activity recruited the amygdala and 
parahippocampus to a larger extent than individuals with lower tinnitus distress and higher levels 
of physical activity. This suggests that the amygdala and parahippocampus may be associated 
with tinnitus distress. Increased frontal response was observed in the lower tinnitus distress 
higher physical activity level group compared to the higher tinnitus distress lower physical 
activity level group when listening to affective stimuli. Therefore, individuals that have lower 
levels of tinnitus distress and are more active may utilize frontal regions to control their 
emotional response to tinnitus and reduce tinnitus severity. These results were also observed in 
the subgroup analysis, suggesting physical activity may contribute to the observed results. We 
suggest that limbic and frontal regions are key areas that should be examined in a physical 
activity intervention. We suspect increased limbic response will be observed pre-intervention and 
increased frontal response post-intervention. Therefore, this study serves as a foundation for a 
future physical activity pilot intervention study for those suffering with tinnitus.  
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Chapter 4 (Study 3) Tables and Figures 
Table 4.1. 
 LDHP HDLP 
Group Size 16 16 
Gender 13 Male 3 Female 7 Male 9 Female 
Age (M±SD) 49.3 ± 11.5 53.9 ± 9.5 
THI (M±SD) 9.6 ± 5.7** 34.5 ± 9.7** 
TFI (M±SD) 14.9 ± 7.6** 46.1 ± 12.1** 
GLTEQ (M±SD) 57.7 ± 30.2** 27.3 ± 17.9** 
BAI (M±SD) 1.5 ± 2.1** 4.9 ± 3.4** 
BDI-II (M±SD) 3.3 ± 4.6* 7.3 ± 7.5* 
 
Table 4.1. Demographic and clinical characteristics for both groups. LDHP = Lower Tinnitus 
Distress Higher Physical Activity, HDLP = Higher Tinnitus Distress Lower Physical Activity, 
THI = tinnitus handicap inventory, TFI = Tinnitus Functional Index, GLTEQ = Godin leisure 
time exercise questionnaire, BAI = Beck anxiety inventory, BDI-II = Beck depression inventory. 
Age, THI, TFI, GLTEQ, BAI and BDI-II scores were compared using independent sample t-
tests. ** Indicates significant difference at p<0.01; * Indicates significant difference at p<0.1. 
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Table 4.2. 
 Low Distress Subgroups High Distress Subgroups 
 LDHP_HPS LDHP_LPS HDLP_HPS HDLP_LPS 
Group Size 8 8 8 8 
Gender 7 Male  
1 Female 
6 Male 
2 Female 
5 Male  
3 Female 
2 Male  
6 Female 
Age (M±SD) 53.5 ± 9.9 54.4 ± 9.7 45.4 ± 13.8 53 ± 7.7 
THI (M±SD) 9.0 ± 5.9 10.3 ± 5.8 34.3 ± 9.9 34.8 ± 10.4 
TFI (M±SD) 16.0 ± 9.7  13.9 ± 5.2 44.7 ± 13.7 47.6 ± 10.9 
GLTEQ 
(M±SD) 
80.6 ± 24.8 **  34.6 ± 11.2** 40.5 ± 14.7** 14.1 ± 8.7** 
BAI (M±SD) 0.3 ± 0.7*  2.75 ± 2.4* 3.3 ± 1.9 * 6.6 ± 3.7* 
BDI-II (M±SD) 1.0 ± 2.1* 5.6 ± 5.4* 6.4 ± 7.4 8.1 ± 8.0 
 
Table 4.2. Demographic and clinical characteristics for the within group split of the LDHP (left 
two columns) and HDLP (right two columns) groups based on median GLTEQ scores. LDHP = 
Lower Tinnitus Distress Higher Physical Activity, HDLP = Higher Tinnitus Distress Lower 
Physical Activity, HPS = Higher Physical Activity Subgroup, LPS = Lower Physical Activity 
Subgroup, THI = Tinnitus Handicap Inventory, TFI = Tinnitus Functional Index, GLTEQ = 
Godin leisure time exercise questionnaire, BAI = Beck anxiety inventory, BDI-II = Beck 
depression inventory. ** Indicates significant difference at p<0.01; * Indicates significant 
difference at p<0.1. 
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Table 4.3.  
Contrast MNI 
Coordinates 
X, Y, Z 
Z Score Cluster 
mm3 
Brain Region (Brodmann area) 
Main Effect of 
Group 
26 -22 -24 5.34 133 R. Parahippocampus 
 22 -4 -22 5.69  R. Amygdala 
 20 -14 -24 5.11  R. Parahippocampus 
 -24 -24 -26 6.42 73 L. Parahippocampus 
 -28 -52 38 5.77 342 L. Inferior Parietal Lobule (BA 40) 
 -8 -52 44 5.38  L. Precuneus (BA 7) 
 32 4 -28 6.00 102 R. Insula (BA 13 
 -38 4 6 5.85 24 L. Insula (BA 13) 
 30 -14 60 5.75 85 R. Precentral Gyrus (BA 6) 
 -22 4 -20 5.56 24 L. Parahippocampus 
 26 32 34 5.49 31 R. Superior Frontal Gyrus (BA 9) 
 -6 -2 42 5.48 31 Cingulate Gyrus (BA 24) 
 -34 10 -34 5.39 24 L. Superior Temporal Gyrus (BA 38) 
 -60 -48 30 5.38 26 L. Supramarginal Gyrus (BA 40) 
 -58 -18 12 5.38 32 L. Transverse Temporal Gyrus (BA 41) 
 -58 -42 10 5.30 21 L. Superior Temporal Gyrus (BA 22) 
 -52 -48 14 5.16  L. Superior Temporal Gyrus (BA 22) 
 32 42 26 5.26 12 R. Middle Frontal Gyrus (BA 10) 
 54 18 24 5.23 17 R. Inferior Frontal Gyrus (BA 45) 
 60 -14 30 5.22 10 R. Precentral Gyrus (BA 4) 
 -56 -8 32 5.22 11 L. Precentral Gyrus (BA 6) 
Main Effect of 
Condition 
-4 40 -4 5.59 1886 Anterior Cingulate (BA 32)     
 
Table 4.3. Local maxima for the main effect of group and condition. Regions are listed in 
Montreal Neurological Institute (MNI) coordinates. Brodmann areas are also provided (before 
determining the Brodmann areas, the MNI coordinates were converted to Talairach coordinates). 
Statistical threshold was set at p<0.025 FWE corrected for multiple comparisons. L, left; R, 
right. 
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Table 4.4.  
 
 
Table 4.4. Local maxima for the whole-brain analysis for within group contrasts. Whole-brain 
analysis for both the P>N and U>N conditions was computed for each group. Regions are listed 
in Montreal Neurological Institute (MNI) coordinates. Brodmann areas are also provided (before 
determining the Brodmann areas, the MNI coordinates were converted to Talairach coordinates). 
Statistical threshold was set at p<0.025 FWE corrected for multiple comparisons. L, left; R, 
right.
Contrast MNI 
Coordinates 
X, Y, Z 
Z Score Cluster 
mm3 
Gyrus (Brodmann area) 
HDLP 
Emotion>Neutral 
56 -4 2 8.11 2510 R. Superior Temporal Gyrus (BA 22) 
 60 -16 -14 6.22  R. Middle Temporal Gyrus (BA 21) 
 66 -28 -4 6.29  R. Middle Temporal Gyrus (BA 21) 
 -60 -28 6 7.70 2558 L. Superior Temporal Gyrus (BA 22) 
 -54 -16 -2 7.67  L. Superior Temporal Gyrus (BA 22) 
 -56 -34 14 7.48  L. Superior Temporal Gyrus (BA 42) 
 22 -4 -20 7.68 542 R. Amygdala 
 26 2 -16 7.64  R. Parahippocampus 
 -22 2 -18 7.57 771 L.  Amygdala 
 -38 0 -22 6.53  L. Parahippocampus 
 -2 54 22 7.50 898  Medial Frontal Gyrus (BA 10) 
 -8 54 14 7.00   Medial Frontal Gyrus (BA 9) 
 -8 44 14 6.90   Medial Frontal Gyrus (BA 10) 
 -24 -24 -26 6.55 111 L. Parahippocampus 
LDHP 
Emotion>Neutral 
58 0 0 8.55 1407 R. Superior Temporal Gyrus (BA 22) 
 60 -16 6 7.70 R. Superior Temporal Gyrus (BA 22) 
 64 -26 0 7.48 R. Inferior Frontal Gyrus (BA 47) 
 -60 -22 6 8.30 3288 L. Superior Temporal Gyrus (BA 22) 
 -52 -24 14 7.55 L. Superior Temporal Gyrus (BA 22) 
 -62 -20 -6 7.50 L. Middle Temporal Gyrus (BA 21) 
 -10 54 14 7.71 871  Medial Frontal Gyrus (BA 10) 
 -14 50 36 6.58 L. Superior Frontal Gyrus (BA 10) 
 -6 46 28 6.50  Medial Frontal Gyrus (BA 10) 
 -6 -2 40 6.58 224 L. Cingulate Gyrus (BA 24) 
 -26 -42 72 6.39 137 L. Postcentral Gyrus (BA 7) 
 -8 -54 42 6.13 176 L. Precuneus (BA 7) 
 -34 18 -14 6.09 55 L. Inferior Frontal Gyrus (BA 47) 
 -4 34 -6 6.07 361 Anterior Cingulate (BA 32) 
 -2 52 -12 5.95 Medial Frontal Gyrus (BA 11) 
 10 54 -10 5.86 Medial Frontal Gyrus (BA 11) 
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Table 4.5. Whole Brain 
Contrast MNI 
Coordinates 
X, Y, Z 
Z Score Cluster 
mm3 
Gyrus (Brodmann area) 
HDLP>LDHP 
Emotion>Neutral 
26 -22 -24 6.91 225 R. Parahippocampus 
 22 -4 -22 5.81  R. Amygdala 
 20 -14 -24 5.24  R. Parahippocampus 
 -24 -24 -26 6.53 125 R. Parahippocampus 
 -20 4 -22 5.68 42 L. Amygdala 
LDHP>HDLP 
Emotion>Neutral 
-38 4 6 5.96 32 L. Insula (BA 13) 
 -38 -12 60 5.87 121 L. Precentral Gyrus (BA 6) 
 26 32 34 5.61 172 R. Superior Frontal Gyrus (BA 9) 
 32 42 26 5.39  R. Middle Frontal Gyrus (BA 10) 
 30 44 32 5.08  R. Superior Frontal Gyrus (BA 9) 
 -22 54 26 5.33 145 L. Middle Frontal Gyrus (BA 10) 
 -28 32 34 5.12  L. Superior Frontal Gyrus (BA 9) 
 -60 -48 30 6.41 45 L. Supramarginal Gyrus (BA 40) 
 -46 -52 32 5.58  L. Supramarginal Gyrus (BA 40) 
 -58 -18 12 5.50 45 L Transverse Temporal gyrus (BA 41) 
 32 42 26 5.36 24 R. Middle Frontal Gyrus (BA 10) 
 52 18 22 5.36 36 R. Inferior Frontal Gyrus (BA 45) 
 
Table 4.5. Local maxima for the whole-brain independent sample t-tests. Whole-brain 
independent sample t-tests were computed for between group differences. Regions are listed in 
Montreal Neurological Institute (MNI) coordinates. Brodmann areas are also provided (before 
determining the Brodmann areas, the MNI coordinates were converted to Talairach coordinates). 
Statistical threshold was set at p<0.025 FWE corrected for multiple comparisons. L, left; R, 
right. 
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Table 4.6.  ROI 
 
Table 4.6. Local maxima for the region of interest (ROI) independent sample t-tests. Between 
group independent sample t-tests using ROI analysis comprised of amygdala, insula, 
parahippocampus, and primary auditory cortex (Brodmann areas 42, 41, 22) was conducted. 
Regions are listed in Montreal Neurological Institute (MNI) coordinates. Brodmann areas are 
also provided (before determining the Brodmann areas, the MNI coordinates were converted to 
Talairach coordinates). Statistical threshold was set at p<0.025 FWE corrected for multiple 
comparisons. L, left; R, right. 
Contrast MNI 
Coordinates 
X, Y, Z 
Z Score Cluster 
mm3 
Gyrus (Brodmann area) 
HDLP>LDHP  
Emotion>Neutral 
26 -22 -24 6.91 617 R. Parahippocampus 
 22 -4 -22 5.81  R. Amygdala 
 34 2 -26 5.33  R. Parahippocampus 
 -24 -24 -26 6.53 557 L. Parahippocampus 
 -22 4 -20 5.68  L. Amygdala 
 -32 -12 -32 5.11  L. Parahippocampus 
LDHP>HDLP  
Emotion>Neutral 
-38 2 8 5.96 116 L. Insula (BA 13) 
 -58 -18 12 5.50 96 L Transverse Temporal gyrus (BA 41) 
 62 -16 10 5.06 96 L Transverse Temporal gyrus (BA 42) 
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Table 4.7. HD Subgroup 
 
Table 4.7. Local maxima for the region of interest (ROI) independent sample t-tests for the 
within group split of the HDLP group based on median GLTEQ score. ROI analysis comprised 
of amygdala, insula, parahippocampus, superior frontal gyrus, middle frontal gyrus, inferior 
frontal gyrus, and primary auditory cortex (Brodmann areas 42, 41, 22) was conducted. Regions 
are listed in Montreal Neurological Institute (MNI) coordinates. Brodmann areas are also 
provided (before determining the Brodmann areas, the MNI coordinates were converted to 
Talairach coordinates). Statistical threshold was set at p<0.025 FWE corrected for multiple 
comparisons (* indicates significant at p<0.001 uncorrected). L, left; R, right. 
 
  
Contrast MNI 
Coordinates 
X, Y, Z 
Z Score Cluster 
mm3 
Gyrus (Brodmann area) 
HDLP_LPS> 
HDLP_HPS 
Emotion>Neutral 
-28 -50 -6 5.66 559 L. Parahippocampus 
 -26 -6 -14 5.03 15 L. Amygdala* 
HDLP_HPS> 
HDLP_LPS 
Emotion>Neutral 
20 44 38 3.74 24 R. Superior Frontal Gyrus (BA 9)* 
 14 44 44 3.39  R. Superior Frontal Gyrus (BA 8)* 
 20 32 46 3.70 51 R. Middle Frontal Gyrus (BA 8)* 
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Table 4.8. LD Subgroup 
 
Table 4.8. Local maxima for the region of interest (ROI) independent sample t-tests for the 
within group split of the LDHP group based on median GLTEQ score. ROI analysis comprised 
of amygdala, insula, parahippocampus, superior frontal gyrus, middle frontal gyrus, inferior 
frontal gyrus, and primary auditory cortex (Brodmann areas 42, 41, 22) was conducted. Regions 
are listed in Montreal Neurological Institute (MNI) coordinates. Brodmann areas are also 
provided (before determining the Brodmann areas, the MNI coordinates were converted to 
Talairach coordinates). Statistical threshold was set at p<0.025 FWE corrected for multiple 
comparisons (* indicates significant at p<0.001 uncorrected). L, left; R, right. 
 
 
 
 
 
 
 
 
 
 
 
 
Contrast MNI 
Coordinates 
X, Y, Z 
Z Score Cluster 
mm3 
Gyrus (Brodmann area) 
LDHP_LPS> 
LDHP_HPS 
Emotion>Neutral 
34 -20 -18 4.64 80 R. Parahippocampus* 
 -20 -32 -12 4.02 98 L. Parahippocampus* 
 -22 2 -18 3.73 18 L. Amygdala* 
LDHP_HPS> 
LDHP_LPS 
Emotion>Neutral 
-20 46 20 4.58 47 L. Superior Frontal Gyrus (BA 10)* 
 28 -18 50 4.35 51 R. Middle Frontal Gyrus (BA 6)* 
 26 24 44 3.96 27 R. Middle Frontal Gyrus (BA 8)* 
 52 4 44 3.32 22 R. Middle Frontal Gyrus (BA 8)* 
92 
 
Table 4.9. 
 THI          TFI BAI BDI-II 
GLTEQ   Pearson Correlation 
                      Sig. (2-tailed) 
-.498 
.004 
-.505 
.003 
-.562 
.001 
-.387 
.029 
BAI         Pearson Correlation 
                      Sig. (2-tailed) 
.523 
.002 
.454 
.009 
 .686 
<.0001 
BDI -II    Pearson Correlation 
                      Sig. (2-tailed) 
.192 
.294 
.183 
.317 
.686 
<.0001 
 
 
Table 4.9. Pearson’s correlational analysis. THI = Tinnitus Handicap Inventory, TFI = Tinnitus 
Functional Index, GLTEQ = Godin leisure time exercise questionnaire, BAI = Beck anxiety 
inventory, BDI-II = Beck depression inventory. 
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Figure 4.1. Average audiograms (combined values of both ears) with error bars.  
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Figure 4.2. Task based reaction time results. The LDHP group responded significantly faster to 
P sounds compared to the HDLP group. Both groups responded significantly slower to N sounds 
compared to P and U sounds. Statistical significance level p<0.05 indicated by *. 
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Figure 4.3. Task based rating results. No significant differences between the LDHP and HDLP 
group were detected. The LDHP group responded U significantly more than P. The HDLP group 
responded significantly more U than P and N. Statistical significance level p<0.05. 
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Figure 4.4. Statistical parametric maps for amygdala region-of-interest (ROI). Post-hoc 
independent sample t-tests using ROI analysis revealed heightened response in the bilateral 
amygdala for the HDLP>LDHP (Emotion>Neutral) comparison. For illustration purposes, the 
ROI for the amygdala is shown at p<0.001 uncorrected, but the clusters in the circles are 
corrected for multiple comparisons (p<0.025 FWE). 
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Figure 4.5. Statistical parametric maps for middle frontal gyrus. Post-hoc independent sample t-
tests using whole brain analysis revealed heightened response in the bilateral middle frontal 
gyrus for the LDHP>HDLP (Emotion>Neutral) comparison. For illustration purposes the 
comparison is displayed at p<0.001 uncorrected, but the clusters in the circles are corrected for 
multiple comparisons (p<0.025 FWE). Note the peak voxel for the left middle frontal gyrus is 
slightly posterior to the circled area of activation.  
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Figure 4.6. Statistical parametric maps for amygdala region-of-interest (ROI). Post-hoc 
independent sample t-tests using ROI analysis revealed heightened response in the left amygdala 
for the HDLP_LPS > HDLP_HPS (Emotion>Neutral) comparison and increased response in the 
right superior frontal gyrus for the HDLP_HPS > HDLP_LPS (Emotion>Neutral) comparison. 
The clusters in the circles are significant at p<0.001 uncorrected. 
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Figure 4.7. Statistical parametric maps for amygdala region-of-interest (ROI). Post-hoc 
independent sample t-tests using ROI analysis revealed heightened response in the left amygdala 
for the LDHP_LPS > LDHP_HPS (Emotion>Neutral) comparison and increased response in the 
left middle frontal gyrus for the reverse comparison. The clusters in the circles are significant at 
p<0.001 uncorrected. 
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Chapter 5: Conclusion 
5.1 General Discussion 
 The dissertation yielded three main findings: (1) tinnitus distress may be associated with 
increased activation of limbic regions and increased frontal response may be associated with 
habituation to tinnitus, (2) increased physical activity may be associated with lower levels of 
tinnitus severity and improved quality of life, and (3) higher levels of physical activity may 
contribute to the increased frontal response in adults who have successfully habituated to their 
tinnitus. We discuss our findings in the context of mood disorders, primarily anxiety and 
depression, and in the framework of sound processing, and suggest future studies to build on our 
work.  
 Tinnitus severity is strongly correlated with mood disorders, anxiety and depression, in 
part due to the emotional reaction to the chronic phantom noise (Alster et al. 1993; Andersson 
2002; Bartels et al. 2008; Bartels et al. 2012; Hallberg et al. 1993). For our purposes we define 
the neural mechanisms of mood disorders as an interplay between two opposing forces: (1) 
increased response from limbic regions reflecting more severe levels of distress (Cooney et al. 
2010; Keedwell et al. 2005; Lorberbaum et al. 2004; Mutschler et al. 2012) and (2) increased 
response from frontal regions suggesting successful coping with emotional distress (Dannlowski 
et al. 2009; Dolcos et al. 2011; Domes et al. 2010; St Jacques et al. 2010).  
 Our results support the hypothesis that increased response in limbic regions including the 
insula, parahippocampus and amygdala are associated with tinnitus distress. However, our results 
suggest that the degree of tinnitus severity may depend on the extent and specific region of the 
limbic system recruited during emotional processing. Increased response in the insula and 
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parahippocampus was detected when we compared those with mild tinnitus to non-tinnitus 
controls (Carpenter-Thompson et al. 2014) and to others with slightly lower levels of tinnitus 
severity (Carpenter-Thompson et al. In Preparation 2014). Our results suggest these regions may 
attribute significance to the tinnitus percept (De Ridder, Elgoyhen et al. 2011; De Ridder, 
Vanneste, et al. 2011; Golm et al. 2013) but activation in these regions alone may not be an 
index of high tinnitus severity. Increased activation in the amygdala may be essential for higher 
levels of tinnitus distress, because increased amygdala response was only observed in our third 
study comparing those with moderate levels of tinnitus distress to those with mild levels of 
tinnitus distress. Therefore, low levels of tinnitus severity may selectively involve increased 
response from the insula and parahippocampus, whereas bothersome tinnitus may be due to 
increased response from the amygdala which may also be associated with higher levels of 
anxiety and depression.  
 Enhanced engagement of the frontal regions may be associated with successful 
habituation to the tinnitus percept. Increased response in the superior and middle frontal gyri, 
executive function processing centers, has been associated with an improved ability to ignore 
negative emotional stimuli (St. Jacques et al. 2010) and reduce amygdala response (Domes et al. 
2010). Executive control of emotional processing has been shown to occur though functional 
connections between the amygdala and frontal regions (St Jacques et al. 2010). Domes et al. 
(2010) found that when healthy adults attempted to increase their emotional reaction to affective 
stimuli, increased response was observed in the amygdala and when the same individuals 
attempted to decrease their emotional reaction to affective stimuli, a decreased response was 
observed. A functional connectivity investigation of patients with major depressive disorder 
found that increased connectivity between the amygdala and frontal regions resulted in improved 
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emotional regulation and lower levels of depression (Dannlowski et al. 2009). A recent review 
suggests that central executive processing may be necessary to overcome emotional distress 
(Dolcos et al. 2011). We observed increased response in the superior and middle frontal gyri in 
groups that had lower levels of tinnitus distress compared to groups with higher levels of tinnitus 
distress. Those with greater frontal response did not show increased response in the amygdala, 
further indicating improved emotional control. Our results suggest successful habituation to 
tinnitus may require increased response from executive processing centers.   
5.2 Sound Processing and Tinnitus Distress 
Our results may be representative of neural recruitment during general sound processing. 
As in the context of mood disorders, it is conceivable that the interplay between limbic and 
frontal regions during sound processing may determine the response to sounds in general. Limbic 
regions are likely recruited to a greater extent during affective sound processing in order to elicit 
the appropriate emotional response. Functional connectivity studies have found connections 
between limbic regions including the amygdala and insula with the auditory cortex (Hunter et al. 
2010; Kumar et al. 2012; Vanneste et al. 2011). In tinnitus, researchers have suggested the 
amygdala and insula may be involved in a salience network that attributes negative emotional 
significance to the tinnitus percept, via functional connections with the auditory cortex, resulting 
in the noise becoming unpleasant and bothersome (De Ridder, Elgoyhen et al. 2011; De Ridder, 
Vanneste, et al. 2011; Golm et al. 2013; Jastreboff 1990; Schlee et al. 2008; Vanneste et al. 
2011). Kumar et al. (2012) found that the valence features of sounds were processed in the 
amygdala and the acoustic features of sounds were processed in auditory cortices. We suspect 
that increased activation in the amygdala may indicate that individuals with more severe tinnitus 
may be processing the valence properties of the sound resulting in an increased emotional 
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response. Increased activation in auditory cortices, observed when we compared those with 
lower levels of tinnitus distress to those with higher levels of tinnitus distress, may indicate 
processing of the acoustic features of sounds. The preferential treatment of the acoustic features 
of sounds rather than their valence may result in less bothersome tinnitus. We propose that over 
time increased response in executive processing regions may decrease response in the amygdala, 
which may contribute to the processing of acoustic features of sounds rather than its valence, 
resulting in lower levels of tinnitus distress.  
5.3 Physical Activity as Possible Intervention 
Physical activity may be associated with lower levels of tinnitus distress. This is a salient 
statement when one considers past studies that have shown that increased levels of physical 
activity can decrease depression and anxiety when used as an intervention (Babyak et al. 2000; 
Elavsky et al. 2005; McAuley et al. 2004; Mi Rye Suh et al. 2002). Babyak et al. (2000) found 
that a 4-month physical activity intervention significantly reduced levels of depression and was 
as effective at decreasing depression levels as current drug therapy. The benefits of physical 
activity was most evident at the 6 month follow up when those in the physical activity 
intervention group had lower levels of depression than those who were in the drug treatment 
group. The researchers suggest that physical activity allowed the patients to have a sense of 
control over their depression and served as a proactive form of therapy. With regard to 
habituating to tinnitus, physical activity may also provide individuals with a sense of control 
over their tinnitus distress and be used as an active means of therapy.  
A meta-analysis of physical activity interventions found that physical activity was 
associated with increased frontal response (McAuley et al. 2004). Physical activity improved 
overall brain function on a myriad of tasks, however, the most significant improvements were 
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those associated with cognitive tasks that required increased frontal response e.g. tasks that 
required participants to ignore task irrelevant stimuli. Additionally, physical activity has been 
shown to preserve function and grey matter density in executive control regions (McAuley et al. 
2004). Considering the role of frontal regions in emotion regulation (Dolcos et al. 2011; St 
Jacques et al. 2010), we suspect that in the tinnitus population, adults who are more physically 
active may be more apt to recruit frontal regions than less active individuals, resulting in 
improved emotional regulation. This hypothesis was supported by the results of our imaging 
studies. Individuals with tinnitus who were more active recruited frontal regions to a greater 
extent than less-active individuals during the emotional processing task. Such increased response 
in executive processing centers may be involved in successful habituation to tinnitus and 
concomitant decreased levels of anxiety and depression.  
5.4 Future Directions 
The results from the dissertation lay the foundation for future work to investigate 
physical activity as a potential therapy for tinnitus, as well as to test the efficacy of existing 
therapies. Physical activity is inexpensive, can be completed at the patient’s discretion, and has 
been associated with lower levels of anxiety and depression. In addition to physical activity, the 
efficacy of existing therapies for tinnitus may be tested using the framework provided by our 
body of work, i.e. enhanced frontal engagement and reduced emotional response in those 
successfully responding to treatment.  
We hypothesize that increased physical activity levels will result in decreased anxiety and 
depression in those with tinnitus. As proposed by Bartels et al. (2010), we suggest that 
decreasing anxiety and depression may also decrease tinnitus related distress. A possible 
mechanism by which physical activity may improve tinnitus distress in the short term is by 
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providing patients with a sense of control over their tinnitus (Babyak et al. 2000). In the long 
term, we hypothesize that physical activity may maintain the structure and function of frontal 
regions (McAuley et al. 2004), thereby providing continued ability of patients to regulate their 
emotional reaction to tinnitus (Dolcos et al. 2011; St Jacques et al. 2010). Improved emotional 
regulation in turn may decrease associated anxiety and depression levels in those with tinnitus 
(Dolcos et al. 2011). 
We suggest intervention studies test the efficacy of currently available or novel treatment 
options within the structure set forth by our work. To test tinnitus therapies, individuals with 
severe levels of tinnitus distress should be recruited. We theorize that when comparing the 
subject’s pre- and post- intervention neural response, increased activation in limbic regions, 
especially the amygdala, to affective stimuli will be observed prior to the intervention Increased 
frontal response will likely be observed in the post>pre comparison reflecting improved 
emotional regulation. We claim that enhanced executive functioning will be associated with 
lower levels of tinnitus distress, anxiety and depression post-intervention. The framework for 
testing the efficacy of therapies for tinnitus can be used to validate future and current treatment 
options resulting in improved patient care for those suffering with bothersome tinnitus.  
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